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SUPPLEMENTAL DECLARATION UNDER 3? C.F.R. gi.i32 

1. Shawn Moaddeb, hereby declare and say, that: 

Background a nd Experience 

j . I have a Bachelor of Science degree in Physics and Applied Engineering 
and a Masters of Science degree in Physics. Both degrees were received from Pittsburg 
State University. 

2. I have over twenty-five years experience in the medical device industry 
i\ kk,rig managing and resolving programs and launching new products. 

3. ! have applied for over forty patents in the medical device area, including 
implements in leads for pacemakers or defibrillators. 

4. I am currently on the Board of Directors of Oncogenics, inc, a company 
im oh -m m developing cancer diagnostics and products. 
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5. 1 am currently on the Board of Directors of Ellipse Technologies, Inc., a 
company focused on non-invasive therapy for obesity and GERD 

(\ I arn currently on the Board of Directors of MiCardia, Corp., a company 
focused on non-invasive simultaneous imaging and therapy based on external activation. 
At Mi Card la, 1 have been responsible for all activities related to the development of next 
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7, I spent ten years as an engineer and program manager specializing in 
medical device leads research and development. 

8, A summary of my experience is attached hereto as Exhibit A, 

9. 1 - 1 ng *ged ^\ hapv we Dvuau t - X s v j £ '-v.ru ^ 

patent application Serial No, 09. ; S49,637, to provide this Declaration, 1 am not, and have 
never been, an employee of Impulse Dynamics N.V., and f do not have any interest or 
relationship with impulse Dynamics N.V. However, for the purpose of full disclosure. I 
should mention »hat I used to provide consultation services to one company and am now- 
providing consultation services lo a second company, and that I recently became aware 
u- i,i i „t ,k o. hoi o ^ iJu>n p * ,, ' , ^M < n ntc ^ inruke 

Dynamics N.V. 

The A ppli cation and Rejection 

10. I have read and am. familiar with the text of U.S. patent application Serial 
No. 09/849,637, filed May 4, 2001. (the "Application"), and the portion of the prosecution 
history of the Application relating to the rejection for lack of enablement . 
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1 5. The second factor affecting capacitance is the distance between the plates. 
1 ^'Lti^vdtx 1 r.es v> 'out. ,ne sj;>-> sge^t ^hoi, iH el <rged p,ntic.e^ tna" cv. :e then, «u' 
close together. When the charged particles are moved further apart, the lines of force 
weaken, and the ability to .store a charge decreases. 

1 6. The third factor affecting capacitance is the dielectric constant of the 
insulating material between the plates of a capacitor. The various insulating materials 
used as the dielectric In a capacitor differ hi their ability to respond to (pass) eleeuostaae 
*i,iv* <\ L> v.o ^ v ic w*'k i j. kr- e. -nvi.uo> is ja^d as to «\ ,»bs t\ U 5 m 1 *tV v 

s. x 1 5 < " < N ^ k'n- ot < \< ,i e ui] c \te a e ea v v^s st i \ d Met' 

materia! with a high dielectric constant is a better insulator than a dielectric material with 
a low dielectric constant. 

17. The formula used to compute the value of capacitance is: 

C - 0.2249 (KA) 
d 

where*, vapaeaane*. mmeoisrads 

A :t: .ares of one plate, in square inches 

d ~- distance between the plates, in inches 

K « dielectric constant of the insulating material 

P 22 Iv - a constant resulting for com ersion from Metric to English urms 

>, One skilled in the arl would appreciate that. In addition to whai is set forth 
above. u»v-K ^ - known linear relationship between capacitance and both porous coating 
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25. One wkh ordinary skill In this art w ould be aware of other techniques and 
materials for producing die claimed lead and would be aware of numerous published 

one skilled in the art. without undue experimentation, after reading the- Application. 

26. For implantable electrode applications, n is desirable to minimise the 
electrical impedance at the electrode-tissue interface by increasing the intrinsic surface 
area of the electrode, in M. Schakktch, "Fractal Coaled heads: Advanced Surface 
Technology for Genuine Sensing and Pacing." Progress in Biomedical Research, 25^- 
V\? Jcn^ 2'HiO. Sch.iidach disi-uLW^ in detail the selection erln-nj for implantable 
elecirodes. based on work done in the I990's (see, U.S. Patent No. 5,571,158, Issued 
November 5. 1995. columns 2 to 4, a copy of which is attached as Exhibit B). 

Teachings From Prior Art Patents 

27. [here are numerous teachings in the prior art regarding electrode 
preparation that w ere known to or available to one skilled in the art as of November 4, 
1999, the filing date of the FCT patent application corresponding to the Application, such 
thai one skilled in the art could produce an electrode with the desired capacitance and that 
that electrode could be produced without undue experimentation. 

28 For example, U.S. Patent No. 4,602,637 to Elmqvist el a!. {"Elmqvisn. 

issued July 29, 1986. discloses a heart pacemaker system in this art, A copy of Brnqvist 
's </ >e s„d ,<s , <\; ^ 

> \ » t'ev i \> r* e oc j>\ri gpov i^ck\i(.d -> ~< " 
with panicle sizes, or a porosity, in a range of from about 2 to 1 00 microns to create a 
Cv>i.He Uac c nacitanee in a range of from about 10 to 100 millifarads per square 
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a ^>me: \«. ovilO 

30. In Elmqvlst. an electrode with a double layer capacitance of up ;o 0. 1 F/un 2 
is achieved using such a porous coating. A glassy carbon may also be used as is 
discussed in German Published Patent Application No. 26 ! 3072 - referenced in Elmqvlst. 
Such a capacitance is even higher than that claimed. Lesser capacitance values may he 
easily obtained by simply generating thinner, or less porous electrodes. 

3 i . In U.S. Paten; No. 4.603,704 to Mund et al. ("Muad"), issued August 5, 
1986. Mund describes in column 1 . background section, how to activate a surface to 
\,«v.\<.h iiu . }. <i. lac hur'lxm <ml 'noYto. dmd jnc u> i tu k>\, >v^, 
Mund teaches how to make high capacitance electrodes using sputtering, including 
sputtering parti meters. A copy of Mund is attached as exhibit D. 

3.2. U.S. Patent No. 4,61 1 ,604 lo Botvidsson et al. ("Botvidsson"), issued 
September 16, 1 986. also discloses the provision of electrodes with a capacitance in the 
range of from about 10 to 1 00 miUifarads per square centimeter and discloses using 
materials with porous coatings for ring and tip electrodes to increase capacitance to 0.1 
F enr. In lVtvids-*oi„ the panicle si/e> of the materials are between, about 1 micron and 
about 100 microns. A copy of Botvidsson is attached as Exhibit H. 

33. In U.S. Patent No. 4.762,136 to Baker ("Baker"), issued August 9, 1988. 
Baker teaches how to make low polarization/high capacitance electrodes made from 
iridium oxide. See, column 6. last paragraph, and column 7, first through third 
panso/mns \ cope o* Baker > aitaekd j. ^xhih't 1 

34. in U.S. Patent No. 5,3 1 8,572 to Hell and et al. ("He! land"), issued June 7, 
1994, llelland describes porous coatings made from Pt-lr spherical particles. 
Furthermore, in column 8, lines 43 to 68, and column 9, lines 1 to 4(), Hehand teaches 
how to include titanium niiride on top of the spherical Pt-lr. electrode to further increase 
capacitance and lower polarization. A copy of Helland is attached as Exhibit G. 
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35. I understand that the Examiner has made reference 10 U.S. Patent 

36. Bkwall is not relevant to indicate whether one with ordinary skill in the art 
would be able to produce an electrode with a capacitance of from greater than 300 to less 
man 30(H) microfarads. 

37. First of all, the disclosure of Ekwalf discloses techniques for minimizing 
•current leakage. 

38. And second, the coating used in Ekwall is limited in capabilities as it relies 
on oxide formation. Oxide formation is not very effective due to its capacitance 

I imitation, it is therefore understandable that the capacitance values shown in Ekwall are 
only in the range of I to 15 microfarads, which has nothing to do w ith whether one with 
ordinary skill in the an would be able to produce an electrode with a capacitance of from 
greater than 30h to less than 3000 microfarads, 

30. Oxide formations are usually very thin without high surface area. To 
! v. ^ v tp\ 1 \^ c >^'"i'. p,i*oi.i u-cd'o fuu'j^e v '\'u t en ' e Jttl /vd a- 
shown in bdmqvh.4 and Botvidsson. 

Example 

■ ; 10. To demonstrate that one skilled in the art can prepare a. lead according to 
the invention a her reading, the Application and without undue experimentation. I will 
nov. provide an example of hon ufte w Hh otdiuaiv skill in ibis ast uouhi he ;m!e to 
p Ov'vi^t . 'ew ode a ti . c i> ums ev * r i\i, uea'e' f >a i \ ,tV > to te^ t k u 00 
microfarads. I? should be clear that other methods are known and available: 

4 1 . A 90%Pt. ; 1 0%lr metal may be used as a base. 
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42. If a tip electrode is being formed a center of the base may be covered with 
iron? 50 to 70% porosity sintered 90%Pi''IO%lr panicles ranging in size from about 40 to 
no nuerons. If a ring electrode is being formed, the porous 90%Pt'10%Ir need not be 
used 

43. A TIN layer is titers applied in one or two steps: First, a dense TIN coaling 
with a thickness of from about 0.5 to 2 microns may be applied over a nng or tip 
ekvtrode. Aue. ^Cvvnd. !br a up eteetrodv. a porous I iN coating \s ith p^nide slzv-v and a 
thickness in the range of from about iO to 3b microns may be applied over the dense 
coating. 

44. The above steps create a diamond-like structure. Micropores structures 
like these yield very large effective surface area with increased capacitance and decreased 
pel arizauon potential . 

45. The TIN coating may be produced by evaporating high purity titanium 
using a DC or RF magnetron sputtering process. An electron beam in a presence of a 
reactoe .;as ; v.sch a- pare nitrogen or in combination \%nh a ! 'g-\n) m d reduced presume 
chamber will produce a fine, molecular scale vapor. The base material {electrode} will be 
placed in the sputtering chamber with the sputtering target made from Ti. 

46. Typical sputtering parameters include: sputtering base pressure of 5.0 x 10"" 
to 5.0 x H.V 1 Pa and a total Ar *• N : gas pressure of 3,0 x 10* ! to 4.0 x W Pa. A substrate 
to targe? distance may be about 0.05 meters. A substrate biased voltage of -200V may be 

47. Porosity will increase as the sputter layer thickness increases In 
combination with specific surface morphology (diamond -like) as defined above. The 
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lor ihe unitary-signal electrode. 

48. Foroshy increases and is established based on capacitance, polarization 
measurements. There is a direct relationship between the porosity and the capacitance 
value: the higher the porosity, the higher the capacitance. 

4v. In general, ihe larger surface area equals larger capacitance values. The 
way to increase ihe surface area is to do one or a combination of ihe following: increase 
the length, increase the thickness of the coating, and increase the porosity of the 
electrode. Electrode materia! is also a factor. Different materials have different 
capacitance at equal surface areas. Materials with high capacitance values coupled with 
larger length, thicker coating, with high porosity will be ideal. 

50. A user may continuously monitor impedance, and, once impedance 
corresponding to the desired capacitance is reached, deposition may be terminated. 

5 1 . For the sintered porous Ft/lr metal, metal powders can he mixed with 

- \vU 1 ,vxe s ,v<s r v dv, crni be applied to base metal substrates or used to 

V > , ^ \,L'Vih itecset. I use unit .he s n:<. eti* v., J he ^ s.:ec r 
sin\,' ^ %! i'ttv ^ t » i t<-vu>e at.. v. o v .vA\ he r.ell'ng >>e rt , e petal "> r e-ivg i 
10 so ^ i r,. i e •> cd re-e *c - < s *e 

s^ ^e h v v ^ . >s,hv \viM('^d r red v % s ! s \ s,.,. > o >. <»e" \ \.,ns 

St \ x ^ v ii»o\ o V e l<, v. t tvc >{ be el ^ o v ,^ nsa\ v x v e< i., c o-» 
s , t Us ,> 5 >g me n<~!,u ■./ anon <.T die ele<. tiode. 

10 
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55. It is ray opinion as an expert in the field of leads and electrodes, and as is 
shown above, that m November 1999 one skilled In the art with the Application before 
him or her would readily have been able to produce an electrode having a capacitance of 
from about 300 to about 3000 microfarads using techniques known in the art. Moreover, 
that art-skilled individual would have been able to produce that electrode without undue 
experimentation. This is clearly manifested in the example above, where I set forth the 
procedure according to which I or any other art-skilled person would be able to produce 
an electrode with a capacitance of from greater than 300 to less than 3000 microfarads 
using techniques known to one skilled in the art, particularly without undue 
experimentation. 

] hereby declare that ail statements made herein of my own knowledge are true, 
that all statements mode on information and belief are believed to be true, and fiirther that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both under 1 8 U.S.C. §1001 and that 
such willful false statements may jeopardize the validity- of the application or any patent 
issuing thereon. 



January 31, 2007 




Shawn Moaddeh 
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SIMULATION ELECTRODE 



fVf^s i ^c > <: 



fcaow from EP-A-CU n.972, EP-A-0.ii£U80an;! FP-A-fJ 
! 13,778. 

A fewbsclc of ihess teiiswn porous etectrcde ©>afes>s is 
thai ihc overs]] capacity of she irrttiltitHec dsctrodcs 

<i^TOsf skf,,l\ Ov.f „1g ' u )T>"<"tjrig 

3&rs.K^ ><t ft.,- ^j-pj ,jt< - ^ pvrp^ H t tt uv 



MCKG80UND OF THE INVENTION to 

1. Field of tte hmmati 

\\ \i v w -Us cu>t<-a* cdtu^ i^fj,. 
porr,^ v j; f^.t w«, y>iu>se *t»e sunma tr;-,; «, evca 
ii:&y icl'-jct '>ai. tisif MSr&cc area ddlneJ h> th; ^cmietitesS 
basic shape ai the electrode. 

2. »eserip&m:'of a» «ei*&d An 

f <- r v»> r r- vffi. n tvv 

stsiid hody, ihat is. Iwwvcen. siie atirijoiatiet; eScctrocia of & 
^ j ,a? „n a o»t,„i \ wK^'x^ iji^i 
red oi, oe; ^ a hC *<b-m?i n « vhrt. \nsii 

* - >' ' 3 V, (JCJCJi (\ 3J\, I t. f, , 

resistance -R^ wuhwhkh she line rcsiassico f 
in. seriss.- The; irripsdajscB of the eloeoxsfc s; 
ftmctssc of die fre^ae-aey to of t&cs sppii 



to e\ceea she thro- "aid 'ciporfoe of jne rHi:c?-i v«dti ihe r»-J^o 
srssgy over she song \ma. However, to east the tscssased 

'Hi I >- - Ji. o , o ow J J 
r;v u " jiTi'-i >Sof'00ki0ii> w „\ "u n 
.i i. serpen; in .he -. c$- ic rrar :.!!."" sv\;c^ T"c 
mtm& palse crispy is accss^pankd by aji increase' is 

tite corrvetuioaaliy- employee ttotrnKarpuises mm' be corre- 
■ipondsnsK .noreavd to pr, tf« e8„-j;s o no pi- ojs. 
tioa.vesisge on 8m input amplifier at (ha paeemafcer. 

It is aa-.ebjecLof she invent! oa to aaprova a sjtnssilsaws 
ekctrodc of sisc s!:-0'- c -rr!enuf:nsd type 'ti such a way ihau on 

TBmsiK low its the long- term and, m ths »05er hand, iimt a 
reliable lecegniiioa of efitedvessm is aisarsd wish ^tnp{« 



^ 1 v s J ,„ - s * io » ,0 

a^.ic wisicb charsrit ssn he. c^eulaied fr«tt3 «te irstegfs} of 
e aiiruajiisR cisrom in] over ihe pttbc width T. Conse 
icrssiy, Oss ku«5ctoc6 ts tfie clecirods system E 0£ , csn 



3C.fMM.ARY OP TIE IN'ViiNTrON 

TMs !)b;cct is: a>iastie<3 by prowchng a «ita«lsUoa sU«c- 

tft^ & St P 1 I" Ut l^ v.Ov.1 1 - i Sijj ii l. 

srati k css8n;iall> larger -iian the surface :irea deS«c4 by t>it 

- 'f n "■'S V J 1 Rtt t , i 

fe^ Jso stirlcii 1 ? tit, iiti£ s coiUfi'M ,! tui in incr^ iwu? J, i. e 
8 material with or a very slight »xidatsoa f«r(de«t;y. 



• the bean 



Beesuat' :hc li»* xesfs&asce H,. is cewstarst,^ ths'^araciay 



« >. i f ! vti.J\ is fJu (I 

•strrfeee ares, and the Heimhfiit? o^stctiy C«. is dafosed a 



l lis the Ailoitt-ic cotisxaM ^ tK va,ustn ard c >t> tfi- 
ihiciooea ihe Heitrsheit?. layer, die eaiajgarrssst of the 
E <c j t ^ ^ „ i i L^a t o [ K 1 1 

N -oc 1 ,,, >r i j ^ r^sj'. ^.^l V >i t >,o">t. 

to (1), both ihers have as & ccosaqaestsce a todacdoB its the 

activt; surjact; a r ea A can be chai>4e<j ptituetiSafiy by the- so. 
sRiiifgersant w im els&QQs snei'or by sffact.ar{j3L» of the . 
dcctnxte siiTiace. area, 

stariaces are cssisrs«stj by meam of.aporoas layer contfiosed 
os a carbide, aiirfde sssbra ijiutds, tit tectsi one of U<tt ss 

" 5 v ' i, > / -c v l 1 o )- 



alkiy, whemia, by virtue yi'tfrc fraetaJ--iyps spatial geometry, 

^ -it v t J ■> j v, * i. r t v t j 

Re busk shape of the electrode. 

The iaveraiofi is tesed a& tm rc«jgn)tia« feat the-mste- 
tials jof the ksxswti deosxfcs;- strsd pas'ticijiariy titsniuiTt, 
vsaadi-axti, seiraotaam aad .reobiant, cstsbii a fenilancy 
KiwiaapsTtialiy exiretrw oxitba'oa, aad ihai, during contact 
witlt sapjsoas ttkeirotyjes. shis strong oxidation aaadatscy 
jv. r'Mi tv t. p o^! r <,-n "su it, l 

oxicc bycr fit,« wprescnis s capacity C„> co-asccted in scrici 
with tfec Hftteihola capacity C f ,., mrf leads to s graeaiat 
te&etsmi in the i&tai capacity, and hence to a stsfrsspersiiiag 
inc-Tiv <:i ihc itNO,-,~L<\_ -o>iiuToj .tju t ,i„itio;, etser>;\ ia 
artosic polarity, QH~ ions, are drawn into the soiM bt>dyj s®& 
h"o )c,tioe <• , l s. , „, , i , -> A ,o ,i - 

cr> < fiytn. c tht-," a t thj"-^ ^ i>' > t r v- 

10' u ^ ,H ", t \ . ^ oa,_ '-^ o,,\od, 

.tmpedasjee. The effect of the am&c pulses rajutred for 
recogmdon of effcctiveriess in emvetjiiotsaS oharga tntsgrg- 
tlon rsifi-sijsjds ss thai t»s rccogniaon of ofecnvsiiess ca«ir«« 
bt5 parlbriaed wills ihe known oiecsnxks, 'oat can tsnsy be 
•psattesed- with m iamsssd 'quantity -ofets^gj'. 

AsciQjc polarity doss- aos. tmiy occur it; active- counter- 
p '> > iivnen onu „Tli. vo-ios v »o\a, "wtrf^o - 
ar.iUiO^iiv policed olucirodo if at t;po'„ 
sysre,ais, or in impedance nsfiassirci-oeos ij; torts. V, can, 
tr-orenver. be tausea by oversfcooiiogs of ttie stttaolatiao 

Hence, f5ecao.se of their reiasively iarge surface area, 
cotsvcfi^faai.v ^ojtcd, pot>j> > olixim.! - cj" i<- 'v„ ! v 
aoi-ievc sascessfut stimulatsoB wish tow energy. i« has bem 



recognized that &s .Haiminjlfj calcify. is reduced by the 
oxidasieti teacfessc-y, leading to asiisio^ss ia tlie electrode 

by this over the daratiea of imptomsots is therefore very 
sesiofci, fee arise the dctausraiior* u; aw electrode -j^pe tries 
his efkcU, that, in turn eoatr.huta 10 ilw $.$iin?ir.£ urdsvo- 
8i>Ie Muenee m foe •MtiauUstjaG pwjperties.'Thas > a higher 
>. "e.*,, > oe -oo y o a t . em <s i >„ oxfli.-jp v -ceoe, 
niEfen tsf dSfeciiwiiiass : -aS.se mpim a esrMaq>aise- ^tha 
"ishv-r f-s-.« w> suvh j- : irr ,m R U:to[>-s tae Jete >. 
nfjfj-aon of fas itextrede ss-operiies. Beeatj*: ihe rjdi.e 
wretgy and the awssSerpuises required for recogmtfott of 
eSecBvaaas? are set at vat-res mat jauss. be vaiici fct foe. 
entire rJursttcsn of m>p>afiiaifoa oi the p-jcerrsisker, in ihe sad 
urn worscrsin-a uf tiie operational conch tions csserttiaity is. I 
1 j \k L i.»>u i t\ * £» 

ened operating condi'iions. 

iv ■> -<- it \ i 

electrode ai U» savetstiojf.. w&fcb: exhiWlra&-t»Se stafcft. 
sty, js cerapftKxs of a state-M whose oxidation teaditritty is s 
>er\ > > \ -s -jje;* e.e y apr.'.,'..; o:. -it ode / jq 

vacuum, teehrtcdogy and a substantially inert -assterial. Such 
i > ' -'I ea> ^ newt r < ' t i j, i- e«vc/\ e-i 
spedik Stley feorti tire group thai iacfasks. gald, silver, 
piatifiiira, Mdasn or carte. Due so the ft-acfal soatfot * 
pci-;^ ; v v-: i -i i-u.ee layer -phed d- this -aanr.OT, sr at. d>. 
:=iir&!ce area <:-. vety isr^c, so ;ho auaciiliy of ertergv reared 
for sLin->yiaiior( csn be kept ssaall. 

The saerfsoiestk] .of a ■■stimaJatiosR decwsSe made of 
tun ! au v\ r, i\pv.uu -h j-^liXt uiim n\ " 
' 1% < - V;-': ti.t i.i t-Tje^f-or. .w.w 

(■<, o (, ^ x „ s T , . iv 3, 

i.U -ii^aw" xssi'e it mats J'i.i'o ol to 

sigtiifica^ r^-ucaon utm*: mcrp .icvuti. Uw r&.ogmuors of 

mtsm m&mfwqmer arrd^;mggcrusg^ppaHitss, "btivBR 
prttsas can fee assd. 

As; a refeiit of fcc rediicaion iss iaqsii«d siimulaSiori energy 
osc ssc '->i.tl-,; ViL rapL...^ ojic^ <_ -vci, "° 
jessrves aari t;« .sssaUsd, and ihe opesafiag titas oi' 
irrtpisjjt eati {ja advms^«si»Jy and decisively issigtbsnsd, 

^ A specie chaife Q is -squired for ssceessful stitJtuJsfiofj. 



sttuctttm wkh asubstantsaily tsjcKsssied aarfacsarea wMi 
respeci eo a serfaee thai esiaitises the extents! geomairy nf 

utrufit ^ it v t « t n s ^tac 1 
mss-ti-ancai strsngth and serve as carrlass for tte «8?orv 

!wv :as itse- tJOl ta> !uilt„!0fwV 01 

ftat tec aaiva sosaag of the eiecu^de -has- a aeomssxk 

The skc (,} she por»s, Usctsfors deciwas as tttey aprxoseb 
ttiu iutjiace -\ -ractoti of ;K« ivpa ront:.<:ab^- to a 

Stacs ttta fepBstcy spee&tim. of she iRtracsrdftsc sittiqais 
-as i , t „ tt 10< ^ . } > * , 

.taaittom of ..approximately 1 to S H?,, the aaasttri«siort 
behavior, above a!! the etfn&sk.-BbW, ia* -ftsjquency cow 
Fonaats f>> the t":e^uene> ^peotTUu., cars als,o ; c s :^iu:/c-i \( 

Ansitte advaatageatts feature of the stintsatatisr! eieca-ocsf 
» iiwer ir \l< n!>U o ^ s 

dari;;^ •JetecLiar. b^ause tat- detected v..-;uce in *\\ >.\~ 
queney rang« of tire overaiS itiipe^ance of Ihc ek-f.-trod? 
.$3f$<OT.Zjf. aita. the phase Kmh sns^edaisce ate based oa ffts 
> f » i i « ' ? ' ^ if r J o < 

tfi tiss iairacardisc EKG present in ths heart V. 



The aeeessary csarrsn: 



til'tctTJot&atid i s aJssj fiweced by a high Heimhortz capacity 
Q, ^hi-.:h h acr :: evud hy ins hrpe ycu«e suriioe .yes ttit- 
* n a v .\\fi>n vt ia. <t fit a _d th» ter.poi i 

^e .t; > . !t.-< . t 3,)ici ^ A .< s e >.-" 1 ne- s 
stir.iaee layss : «f the -sUBtaMoa eieeiTode .of she inveBtior! 
%i' m v.i « . LJ -\ ^^fai.ors t^nu.ni.*v, t're e'ee-ot*; csft 
t;c operateci aa;-:iic=;jy— ii'norietiidess. de-sired vwix c-Ttain 
i^jditjaas— -wtea. aa oxide iaycr forming and'or its layer 
h e^rc\ <. » „, -r ^ - 4oi „ i K > ^- , , (1 Ljr 
(nwtti tf n t Mi It^'trpoKU i 

ca«*sd by she electrode csa be aept as low at, desired, sisd 
n-\:.t-:; e:T it:\ T c 5 wopfut'oa ^as as^:e- w.^K^irsurt 
or t.he sfiiBiiiarifiri prscedaRs. 

't< *■> t\ i va, k oi ,be „ne i f tc t o 

Kt^tiifscaritiy ijr.ptoved with mpect tcs prior eieetro-dif;, by 
virtiis of its iractai geometty, becsose trie fraotaMike, "&m- 



md the sropedsBCSrOfith 

Py - lm ra^ij»ix3iioa «f fee Hsis&h&ii2 capseuy Cjv 

cftarigisd by a simple eslatsejsem "ttf tfee deawtte, 
bsett foand that it is ssea? advau^eeas- to Rmsirtiixe she 
active sitrfacc area hi reiatioa m ths surf act? area deitned by 
tbs gcomeu-ifal shape, of rbe eSeeSrode, sisxw s iiiiear 
arilargeroerst also only btss as a -coasequeaca a ^rfet:*. 

r" "I v \r ^ O 

«qiiirt-<i fof sPtttssSasfon. aad S>;reforc does not reyrcs^t a 
wkisrui 'This obsetvaEton is c<3nfw4 by L'te diSeien: '.r.rJa- 
e««5-.T8ng« of she -sUmiiistios eicctroctes; mmt mam®?, a 
constant charge dsdsity would be requirad for heart rmiseie 
.$.ttmu\m<m. 

t!-i;; ■iivsation. niads .-jf tbc a'eov-^-naraed :n3tcri::is. a;.id 
i.'Jvila." dt i/.'i.T.t.ii,. !,'■< A a\ s a f . ,ipt>a..- n 
Cor.vcnticr.al eieeirodc: ihe a:;- of rrasde-ro. vaouurrt- 
coatitig rntrtijods sttch -«5 spsittstisg or irra-ttisirig, Sssare a 

f r O >J! . h n t t, t _ JA ^ , t ( v 3 , 

fractal geoffieu-y artusKbcrnf an eteuejiis fcuad repeated, 
but tedaccd, m iatgsr eiemeaits tedtig ceady a 5e saore 
shape, "ms m&gnmmit of. shape can—as feast approxt- 
raatL.v -be achieved *x:h aieth-jd;, Uati-iavcr sechiioloi-v 
by «et&g ths tse-hoxi parsaneters, electrode of the 

vet to, L<to «„ wtp,t<,t ib b« st uie. j t> 0 <» 
voJuis ovtr ths icing ter;,",. 

With the (jE.Hi.oa of xiditiirtg aaadic rsporaaofi, the dso- 
trcde cats also be ttsed -advsntagcousfyia .mo&i-ofojK^atfm 
in which this* polarity is nsxmm for ftmctioa, for ettaatpk 
in bi- or '.".aiiipoisr eieeaodt-s or iat.mc.ifd>..->.!-. impedance 
racasBrartifittt, 

>e rfff • je^veat'O < -vm.,..-. i er<^ 

t.r . v >.!>>,„ „0 1 51> ^W'J V s-,Os >,j.-i,x 

t 't;^ at . -r„v t s . 'e> ',c\ t^i -e.^ *J 
strengtris, but. sm km impedance and wnmiumiiy- large. 



* 6 

\ t - . v. , ,c > ^a-i\er' o or 10 . <■ „ > 3 , - , c,,k-ji, v * p . ' the 

stunuiaiecl or me sSecter! nanai pathways sssr*wivei}\ toSr resistanfifc of iha signal sourcs. 

b j s \ » i .{< }o \ s 1 1 , , 5 

» s - r , , > t . «. " ' * ' ' ^ ~* ~ 1 - ' 3 

* a sessemade rqiresesa^iors of aass^xtdsBaeatcjfs ;c> psovidea &at are removed. ffO»i sue opposite -the sleetrMs 
■aimuiaUoB decuodc at the teve, soa M side v ie w. r ff J ' cv«_*, * f> }'_, v « v*« « 

FfG, 2 an cnisrged ropsaseatatfon «f dsaii fi o " PIG. i in eomecutm-xidc end 8y mesas of this, diher a bipolar 

seecioii, sJimuJaiioo or -as intracardiac kttpe&ace trtssssamraasS Ibr 

^ » « "x _ J . > ,u >'35,<.<. « ^ 1 ' S !l " - " L V ' f ' 1 i l',' 

f j (. f i ,l • -> 1 " S, ' v, w ^ 

gectacaicai dirasrsHOos, " wiUi.' is »t t ix (t ve- t i % » v-< t - r 

FSH. 4 a jV fractal surflve gewasj v -rfosr of ,ht telKin " s P""^ with ^ m^kfcTs ^ preW 

cLctrnck- m aocc.ii.--ro; » ;diif.c mv^ies, h »h\- h ho, •* ^"'P 11 ^ - taoaioiaaf 

sboy.s .-: a..:::i:^ s-jlh ^ Via^c fcnaieufCu: fhafc, FSG. 4h ^' Ji on b^.scenfiornihi rep-.iseuLitwiv.a FIGS. 4i Jhrtv-gh 

sbow$ ihe tek- ^ocjelrical shape ^csiisj^kiwp and saper- > bow ft I it, ot jwhJ' v^nk^x « ^ 

pcjsecl.satts-a iatggr sasic geofissrfcM shape, bM FIG. 4i? superposed in FIO. 4k by a sGeaaseaie siiajse- iW is corte-> 

< ! iov» t : ;he ks : c eeonx-jncaJ sccsii^i-diwts assi mm- wndingli rf<3ixvd la ^^.k The ^ittfid-cit'-^Ei s,«ipir.g cic- 

xx> . t \, 1 s j , , & ne^ \t; r ! o> t t\ ^^ j ,o ^ , 

MiTn-rposo-i a Mil! ioigsi basio kfo-ismcd shape. ^ ' u " ' £ {t -£- us,.t ^vcrpp- t-on. ^ sixiv,ti -n RQ 4, 
acd ^t-siiS'red " i-^nii ^ ih,-^> i,;,ni.x .t.c >>no\ lei 

, - - MO f r ° " ~ - ' ' * ™ 

lunw stages. 

SESOUPnON OF THE PRBFESRBD The .ete*o«-B«cr»scojifcBiJ>« enlarged repseseatatitsi sf 

CMBOWMTVIS HG - 5 sb,5w '' !l5e slllfaCK o y as elatrtscie its x-cwmw with 

^ ihe snveiintrm t&Tt e.t.'sitois s cas:ij ; fio\ve.r^;sfe t^serX'r; Tas 

^ ^ - ' si i - a th ». vfaui vik K b -* i ■» \ t 

" * f 11 *•*" s " " r, 0v.l."' K ! v H !\^ "\ ,£ v. t £ ^ u> ^ \s 

a cylsfisfcea: Sase body 2 ffif tlisnuim. In aeeottiaace with siis *» fijier m.<m she oaiside, a ajk^sccpk smf&cs is stuaiasbic 

i*'*-"i' 0* , V>1," f.u J'.i... Kxs 2 a* J sw s.^utii; : - tj> - <Hi< n!f t ,;,v >r -s «f - .- ( - '} . io 

~f m 1 " J"1S 1 r < \ !>■ '«\B I -i T-s ■> 

:: % r::l;t ; !l::^ i: :r: ! 3Hhe !r 3d5f 2 -? f &c & ™ Th2 is ™ s ^ -*« ^v^scn^. 

"^"v** f!J * ! « s 05 csihiiue ; : puiierir lg . £m<s*xxtx3e has o^&rrffid embodiroeat Saiaer, a mm\*>t m wiaicm* n 

a ewi^ racui^xiducavt- iotci 4 that is provided wish hs^&te t.hai asakc* me of the sa'uito sbowe, even in 

- «v rt ''-^ ^ rt U te-tir.s 

t» ^l..\«!Ci u- s a--; vtr^-'J.-cr.. ixsT' 5 ' Vt ft,u - o»ai r - t « 

t;s ihe silicon casiag are »o backward- ansoEad, flewiHe j. ';Csiim U ;a[ior clKErode. cormjrisina: 

•las^mg 6fem.etiss S sad wSsidi sen<8 so m*m she , « , v * , , . 

t n f ^ t- ^ ) < i t t . xxJ ^ { 1 v e na x 

iti '..liiiiati. wiifi'ttis inside ssjHace o.£ ihe. Mm. ' ' " "'' ' !t '^ " Eiu 

— , s . , J 1 ^ ^ _ ! " 

iioi:s)w, cyaiidiicss louieo «-s pjecs 8 atxsmsiyed tsase; this 

^ ! ^> » ^ ^ s - 1 Wk O i 1 J\\T I \ 

FiG 2 shows a seciiesfi itktml U m FIG. 1} of she acuvc 
.reptessnSstiuK. a s-igassicasii eelatgerae}! 



>- it- t J* l u rr^t i s } s t iK r » 

a chemical coaipoirfld, and an alloy, which is porous 
•' s ' ' ' Hal :-gcc«j ' ' 



Jut ir s - ; r Th i % ! 

Hi^KX- arc- anKrge-ietii is * a ssrsge ^f nv>r KKiO. 3 v A ^ ;iVv1 , f cla;r . f VK>It 

3? Ok asarses of she irnpesiaixe* «f stimsikfjot- electrodes as eieisem selected fosi the group craaststifis of said, 
witii difiorejit sarfu^aiasisgs,: dsatan ciscsfcfdc .asned with m titewm, &mmm assd esr'ba':!, fbj -a- Chesiiical cDmpdu'nsS- 

Iridium ?'tri<k exhibits the lowest phasc-liai}« unpedasec ta which h one of s minds, a ciirbtde or a mhot. s-iuidc of s;si 

ctjKiparison with she prior etosxids sarfesas. coating: srusie- eieirisni. $&mc& tarn she i'Kiup coasistfea of giaid, iridiotrs, 

risiii: sii;«ii«rn and &asiut» ssia-ias, parsicyiai'Sy smaiier irs psaiinum -assd carboa. asjij (c) an aiioy ' of as least two 
r ^ <.ir j*"}ts tt. l<sfi"v >. j. Ifi \ tat <. i i ii j i, i i, a, r 

"t-.K-xmlne.rJ dtSerancss. ara therefore of particular sigaiii- ? 3,ThessinLfetio«oiaeiiDde.asdftiiaedmdaif!i2, wberein 

cajscc WD rsgKTd io their effect?. Wrasse iiie wnpiiudt: of Sr. potmi, Airfare (.witij-. is cornpossc of iridiwfi tiitriik-. 



a ■elcctrcde bf.se body is composed @f tiajahan. 
5. The s«!msj?iii(j;j ejectrssde k Safins^ m ci±^ 1. furthet 
>reprisittg aieaas for coaneeistsg the straaiiasiim electrode 
an aa.c-c\; iK^Cfei, m& whesaanrte gomm surface, costing .• 

& A bipolar sfensalsdoB system, sciEiprisfeg; 
o. teer.-m.- electee whsv r a stss^Ut^a t cvUoUe 

accosiiiag «s eisam 1; ,a»d * 
isssjss for sarsnoetif^ the referesce etawfe la a jsfer-. 

esxe jeritiijisj. 
?. A stssB^Jatsoii. .electrode, comprising; 
*vdscirLdsb«m> body whfe^jsas.alsssic pomeirfc shape ( , 

eiearadsj by a ibis-Jayer technology pweess, whicfe is 



prsvkted tirs ; 
body, which i; 
sow oxJcterksi 
substantially i 



8 



of fee ak-.cirede: bass- 
asa materia! ■ having a 
ncy. effective to Tender the ssmM 
ad. being sdzm&-fma. the gmsp 
wsislstiag of a ctemsnt, aeheriiicai compmn& s m& m 
dhy, which is parous and has a fracal spatial gaos^ 
jaC t v> v .- \ C ^.c ;rW a.', i ( 

greater 'toy a :faiSBr af s» kssi onc.tesaa* times shsti 
•Jfie-sarf§eei:8ss of-tte etectrade Base ijedy. 
8. 7bs ssixaulasAcss electrode ;« 
•JJjs.te«!asis *vaco»re &po$*fe 

^lecte-J .rem i?k jtnjp cares: 
•sgeseasg arid iori-psatiag. 



darsisxiia claim ?. wherein 



•sting rasiiwd 
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mjaxer systosa is a iswr having cl higs double "layer 

Advsntagrau's ;hat end .:s a por;«i- Layer com-jriiit:;: 
os";; carbide, nli-ride. or csrbe.utnue leas; otti. '..if -he 



exposed siirf.-ife The layer is produced rn she. s 
surikn: ;;i its active ;:re.a. 

10 Cteitas, 3 Urswing Figaros 



2 



U.S* Patent 



Jul 29, 1986 4,602,637 




1 > ■ > ■ ■ 2 

heart pacemaker system ^^t^^^ s ^S^^^^^uS1^ 

CROSS-REFER ENCE TO RELATED ^V^l ' ^" 

APPLICATIONS , ,;, kt /' /siEMENsVEliMA ME 

K ^ - uv k. a . ->i v , a*"- k. r t <: 1 ^ ' ' ^ < -i - „ „ t v t 

\>i, > .'u, ' » J )„' rr-u ^f^'tj'KiIi mi t v. r-i St <i<ve H ie " - >„ „~ 

«atiii-jcs ".£t»;irode for Medicai Applications" arid to a eonvuiiious siop. 

■ i. 19554 its lis; Tsafnes of Lars Sofvtfsaon and Ko;wad also e>;i.sr*x1 tfua fas heart pawrnuker cessid delect 

Nso-i er.rhv "*fcoWar I^csrocsi. fnr SktoS \p3); ksv .vvier.t^K ^EhvxKeietjl -nuscu ...ut).- :n ; : wproK.T3 

ca ' ;oriS «y of ;.h:: hear; pavetBaker at %Seft>)i3riz3ii<„-Vi of As 

BACKGROUND OF THE INVENTION 15 ^^^f™'*' Th<: of a :;t -;8 ? '; iv f ^"SRc* 

^ ^ t n q P , t j „ ^ x ^ ^ ^ ^ 

■..'i;^-vrcxJ';, ui pardi.-!i;ar :<■■;; iwbs* paceaisker hosissr:!.-. paeeirs-.S-er i:rpi«>s'p:K^- 

" % " \ S ^ ~ ^ ^ -J -J !? s »s h •» < -! >>\ r \ , , „ 

•■x::cr ;.h:n,as «.r fjjtcca! -siitmaatior: .wd navo. :or exatn- A " i e;ri s Firxt 'he wj-^e o ! " tc- —s^-- ;"- >• 

v 4- * ' - <■ t. ; r j >. n " ; c < tVi {, t, (j ^ * 5 \ rf . " ~ „ f 

iffiWMUaaor: c-f £hc h«tft tsaec-iukct «}tc- the at".')r:i '>f <r, - ' ' - ^ ' ~ '7 t -* :tw "'^ ^ - df! '~ '- !C 

,t ; ; , . c - ■ . ..>*^.iwt...».i _i csitucsi.-j n> s «mii:!3Ttt«-; piilsc- an;i the sensifvitv o*' 

r t %, t. f ^ t<"u t i* i !"<iC „ ^ { 

a i ! t. j L\ 3^3, a >- * ! ^ r 

are «uh- ef i^d^hie -i^,;:^^ dcct^.Jc': W ftk~>i 25 ^ c! » tea -.^ 1 . We *?na pi»»:sm» rega^Rg rkmb- 

eScci^e bwd » ^ ^u^or K »d «« a ' 1 " WftMib^ of so™ kind cr c.-g.nic 

having the active region-. raatensi. 

?k "v, C ; d ? ; Tt ■ rla; ^ ,,J! , SUSiM OF THF, ■N'NTiMfON 

i, s , ^ „ ^ t lr v *' ' icsfjs pvodoi-ed ir. hzix- psQ^f.^y sv^sfms cf ;he ivrw 

(2) A htgb dwt.!e cupuchanw should a«ve!op ^1^', ^J^/f ^» b(l,ic 

xSifKgh i fas. i iO JO jfimi! ren>3itK ieis than lnis " b ^ K - £ ; "' «»v-.-ii«v«y ac)B«v«ui in Jiai ;.<t !«.st the 

0. 1 V. acn-v e j-sgjon ii: the pas.«ve elut.-irniii f-«i. a suriacf: i.-yt-r 

by fli^rodss wiierw« ths :scv!v« regio^ "t-OTsi'sw' of « P fcf!iK w^afy with ;.hs bociiy Vf.ii.i. Thereby 

i-hi«.y cart«3r> :v Gcsifis-g p-fshshsd .-ippiicaik-.;; 8ch.sv«i, for exiaspis. & that ihe polarization riie upoti 

2u:'.iG'">. A hsk-h iiousie !. : yei- capaenar.ct- of ur> u~ ; C! satr.a}3twn is v~ry slisht Given « bifocai s>s;eiri, thers- 

F.-c;iv ;< j;h;i-.v-;d due ic> in activation of the wk^s oi samislati-w csji t-s earned ;ice \vt;h our. etectrod* 

trade was iftat w somcaiaiiiry with the body. U » also passible to leave the hear- pacemaker hous- 

^ 1 m - m x s ■! t i rs s, »r' Jv ^ e- ! \ } k v t s j - s >, 

5 wo aciivt- e;;:;:tr:3des isnd a -hjiTti p3.?iiv;: »iccrrode, eiccrrodf. I.e. to forego as iBsniating jyekss. Ths surface 



hiiharto ie;l f 



! w *\ IV , se 1 X ? "V-TV* s"^, j ^ BRIEF DESCRIPTION OF THE DTiAW.f\'GS 

-,,d\ rr- ^ T"-Ni:-N .i :nri;ed ooi 'in ;"je rjc- t vh-.^r.rsS v f >sv assst-c^ f,\- rif,<\» <-r>-- 

i^sed al the beginssaig the pulse iind (hat the hack 5 the r;nficip!« ;if ih« present invention. 

tsoeiiag half is. snore highly feaded aster approximately Ff G. 2 .<s a .schema iic fepiesentdSaon (not scak.) of 

0.4 n». ~ " the porous and Bcs-poiw. layers as FK3. X. 

ir: (he cc;rr;p;;rative expervment. She t^ack hcusing. pars. f-lQ. 3 is a ^d'emano fepieser.^iic-.;: of a further era- 

\s,< e-'owv, < s - <" T i ^ « i i s *">»ii itr ( " r 5 r ri'n t <; ■■ „ , 

rx'rr>iis TIN. if thereby iurrtwj ob£ that -he cisrrejjt is W Jayer. 

r.aw prefer erstisDy c«fnod by tsw hssex aide after oaly DE TAHJED DESCR IPTiON 
O.u Tt-:-. Op-on ;rr.p:.-ii'.atior.. .n;;-,. tms side ssoisii] nor 

contact aa> rosiide tone, ^eart pac"inasier a y, : ;f e;r. '-ho wn re FX 1. S cors- 

-smote Ssshtiva sf: ib. ; i s>«" ■rwsc.iu.-'iv-.; ^jrface of tf.'e i? ° oi"-«i .T-tusiasi 10 of. fbs exarnpie. w^bj 

passive c-k'cii-oct-.Oiss ts usualh a rearer, for *x3moi«, ;rKk ' jiae 2 nv » «eetroces 3 and 4 is 

of metric materials sneh a* plathiv^/Vi^ijre (>;v«« shown coswscied so sh-s Start paceniaket ll-e Simula- 

heat; paceirater hoas3ass.--i» rcushcned in she wtive ^ f*^^ 3 eiectrode r;ead SB which is pro- 

- JV >s - s , it t Vf tu«'>>v < " _tw, fM? .Iti s,s 

matkatand bv a mMffc in cbsroarisoa to a sraootfc ' R ta ? fc}1 air ' UTO s ;;! a P« liS}K > rha «^»53'^« 'Strode 



i«cfea-« of the doulsie hytt capacitance is obiaintti 
■ hat she surface iaysr cc»5s;k;s activated carbon, 

~»r vi'.jr jet v^...' ; ,■.;■■> i, - ! i. alreadv kn . ^ , . f , 

for the v= rtrar s of n« v^rUtr^f dcJ-£\las. ^' 1 M f " f T' ^ " n f ^" -- U ^ -- 5 



ssrfa.'.-s layc: ihat is |ianicuia»!y easy to n^nufsc- 
and w ;33ccha;i;ca;iy itsbic is ^foraied by a 



sjskJv possible j» .A TesuVt of 'M& feoaisiss* as : 
i FIG. 2. Is he i:;j f ierv.vv:ti the ia\-; f 11 

t,!:it -.j. /«. isas. oni: o: :.oe :,^r ; j!i!T:, v«jacs!^ir!, rri i(.-roscop!t:3iiy, FIG. 2 is, fhiff... gieatiy cxagtsr- 

" ' " » 1 a, . r - io - r , t i,- ^ , 

i , ' ^ „ " \ / 'l^ 1 " ,V \ *\ 5 ! - " <> ^ u«t <. .1 

Vi\ if'M ^ * t. s -> Hi i k ti\it'« ti » « ^Ot't " ^t" ' " ca 

TiC. TiN, ZrC nr Ta-vi. The pcroi!-; i K yer foratec- &y d^vass therertow. are «^tia}lv &«nprc^cd 

siich cot-ipour.cts nsi gooti ccindiicnviiy an;3 Hihibtrs a ^ fJ „j j..^,, 3 fi . ; -g a ji ve jjiilueBce or ihc u:;;e.ti-.ni t>i ihn 

thioks»$ betweer 1 cstse nueron End tine hundred rrsicrofis t:s>::j-i psjcesYiak?" ~v-tera. 

(L sad 100 jiKj.). Doabk byer ffipacitenoas thai are: of " a "former ^mbf^eat of tfte mvenxkm h sao«;a is 

ap- ,aci^ \ir".v. n^.JiCi lo-^rt^t^xei ?;.5)„h«^ t<\i-: r^r p,.rn' i\c- u, 5^*,« 

^ f t<t <. > - a. , h J<^ t*t *<?e nt -> > ^ i3\ <■ *i * v - 

however, s coi«idarab5y siffip]et^^rKSvc-cr>mpatifale 45 raatwiaj m Tbt ncn-poroai isyef lie serve? as a sea!- 

pretVrabb , pi^n-HS ae.d ■it.:reum s,erva as !hc carrier ia v Br FiG. 3, as FIG. 2, is. a schsrnatic rersraseatstbs 

it se "n-vicc-i; u innhcr Qesciopi^er:? 0' jiv ;t.i towing conipoijea-s. ec-ttsit. ciiromhra, airkei, ;ro«. 

lit" iartji; tnataria; as the pe-roah iayer is situated beiweer. a big a aujbie iayer c.-ipaeitaiwe is oarwciiariee 

:..ic T-f'i'su^ isve- ..;iv ihv ejjjivi f- Under between xhe jvi.^rt:: elt^n.-sdr st ih-.; &c-^ e r-»»HQn afi^i 

sue-aKTiprsribJe tnaseri.-J a? the carrier jnat^riai which is 55 fj^f. i;: ti;e rsngi: from about tea ftji'Ji farads per csfiiime- 

first s.u rroi!»-3ed with Sight ■•onporcHis layer of a jiissc- icr stjuariirf aaii sbcsui one hundred miJiifarads per eenss- 

«..iR't.«i;c>iu' iiwietja- thai i* iher. h; tur-j seated wstii a irxicv stitiated wise:-, a !t '^s.urcd w;t;j ti tjyise rcpeiiiiot- 

reg-ioti. TSia porous csarbifie. niirkie nr carbrinitriciE lay. - ni3!ib.].i! siiirldu-coaied fitsuiiifn sheets, for -sxample, 

v.n ar- preferably applied to the earner vMieriai serving *c served for the ■jetcrmhiatior, of the ftlectfocseraicai 

sebitrats by rfiiS:;^ of reactive v:nr, p'aisrri?.. i.e. by fr-c^enies, haviiif; been iiive-:a,saied it; a ha!? cell ar- 

iaeans, ofphyweai vapor-depfxijiori rar.ger-.ien! wtrh 0,j5M N'aC! as the s.eat«>lyre. A 

\r vX. .jp >^ ecr>" d»? err i;;e r,f-v tear, r x, Mitt! ei M«t'„\..i' .ocrer^r-'v, . ^irodi. 

pat-cmAi-r systir;; is described and explained ie. greater ar, AgC! eler -r;;dr. v\-a.\ e-o.pioyed as -he reference eloc- 

ncriat: beiow -*tfh refersiice t« it Figure of dr&v/ing^ fj? trodo. Ttie elettrodia. wera eensscted 10 .i p'.)ier;!.it.'st;;S 

e- 1 otf.cr t t , iVaiuiv> ait,-, a,--. arsTapt s wt:j f- ap- arid tht po*e-;tir:j v-iUita e^fAcrte-J an j re-ated m 

p3r::fit tV;;jT! tiii.-. d-riaiL-id (lisclosiire and from she ap- the poreatia; of the fevensibk- hydiogea eiect;-ode {H; 
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1 2 

tmcxoafccsrodes mi si! vef /silver cfeksridtr for ECG 
sletK.jdftS whic-h effect a degeneration of thr acijacca: 

CROSS-REFERENCE TO RELATED 'If \f7\'.£ - ?™Z % ~* * ' ^ " ™ ^ 

APPLICATIONS <. * , c 11 ,tC * J,< ' 1 " 



ELECTRODE FOR MEDICAL APPLICATIONS 



nocture} itid the co^aci% r this 



tc-j IS o- * ^ ^69 ?s' jT^ f.-i J I-aj^'Co ^ f F - — — 

\* Ur f^t-,'^^ K.TMd ttnt »d SUMMARY OF THE INVENTION 

"S;pd S r El«jrode for Medical Applied"' and to a A principal object of tiw fevta&K is io avoid 

">P«wmg »PP**iion l=.S. Set. No. 569,97& fiieJ L : .a * wofcJems reeacdt«g 'he »lec««o*. t->'e— : -<r»-o -v 

53. Wii i« she r.M« M of Hatoir, Hindis, .- 5f; J Koarad carrhrs :c eieotjode'. f W " .r^i '^^o^ i ~ 

^"'^^^^ thu:; ^ lhe M ^ ^ 

BACKGROUND OF THE INVENTION j« Tb " « faweimvdy achieved its thai the eicctrode is 

x ;, ' ' t Qt a ;7ar >. or! , iri; i e jjf at 5 essl ^ of ,j,„ 1Tlstii ; B t ; :a -;., n . 

c&yor* are decode, v.-.th whi, h a sti.'jjuiasjng ffffec'i '""^ pan> *"- v eshib " : " :;;h :i 

Exsaipiel tfdita^ are sUrauUti^ <*«k*s «£ ^ f3rmia ? tbe nitmlw 3,.d carUo- 

hean p3cemsks:^ as \i en js dectrodw for ihe stbvjia- art: ekments t ;; tae fourth ihnnjf.h stxih 

rior. of atr\ c s and ra-.-.KisF. P&rixuix'y coming ;s«o %!> 8^ur offiie periodic tj.-.t-ijj a-jc aye Ebws tr-;;aded 

ssnsidarattioa a sensors are ratcrarfectrodes foe notsn- jhs io--alk'd tnahiibn rrj<riaU. TiC TiN. 2rC. 

■S3) ptck-isp as v,e[i as EEG and ECO elac-rodes, ZrN ' TaC ^ ar «f -'"'- r «xarKp5e, carbides (MeC; 

siiS.-ttodii, i'cr se:isi;i{s brain arid heart siineris.?. rssc-et- &n{i ^xridfts (MeN> cf ihe $sid tytwr (Me™ meraj). it i-i 

y ! : ^ the-^.t^e^'v -?r ^ trt st -cb ^.->Cv, r 

^v, i.* \ j ^ j» 5 s x t - f> 'c* t !i t nd \ t - ^ 

an ejeetrod* slia«\ tovjfig ar. in.w!aT8« ;::<bk- lead smd of MeC r N; „ y , wtewy x can assume; a vaJws bouveen 0 

a:.; e-o-c-ti-'^s hs;u-; fcr and^i; for axatnpie. !<?i d;e coBipeusid TiC».sNa$ bs 

E-^ir^I-y .Jerrs^s are made -^f sj'.-h -Avtr-xk s ^ puaajs s'^'c-i-.; it \3? carj j.N.^ ii.^w f.-r v"er:i 

ov bt cr.,Kf vs>t! i^w< uwm K^^r.^-i. ^ <; ^ A 



is ■nc-i suppressed siiogeihsr: 



feahdd 



1 ^ bU".^ ^Sir iayut eap^ce ti-.t required ^-^l 1 "'™^ ^ " ^ d ^ ^ 

has a f^nefi-J:.] eiT^a: ir. the case o? ssira^t-^eier- ^P****™** ^ tn^.'CK- up «> lOi, 

:;; ..Je;> : :J xl gpr-miiv in the a,, rffcctm a S waii .f^ ras f T ^ ^ BOavt Jectrode - 

f s i t v rjt M( ( „, ^v«iip,"\.b. % ^ ! v it odes c* sc. W >s k j,'c« i <) - 

'! 4 « , _p<-e>S..' ^d fi-fTc ' - s>Aula ,J , <0'>^<0, ^ V?i „i -5SO 

oiifiay is siigisi. -ii she k-r,r: ofsssisfirj in which oalv'a lbibt ' wh>ch f '" ; " <hs ir * siabilky o; the ; : 'liru;lsii;?!i 

■i-nail meavj^fneRt o^fWiil ik-.v^,. , h»pii eapadiaa;,.; of f f * hi; : d - w,ti l res i'" ct ;o ;! ' s contoaicg. the ip.veBtivc 

ihsr eiecin.-dfs :-2-:>xv. :hu denisLRd.'- Uiar ire W.ck -of the elscrroaas exhibit advar.tagas ever gia^sy oarbot; eiec- 
i ' tuv- o ~r ' .< s sC(((-tr£ fe ,s ^ f k ' siie <ii e*he> r> sis J v > V^' >e ' t 

cs <- vt^',, hffen> ris o "-"lodt. } se sittv ^' » ^' — latter. pt/>s^ jjoa-^i r^.-emafcors 

region i>" genersi. conitsts of glassy carbon. The high ^ ait ^ - through I sis. That roeaas ihtsi the current aiiist 

doufc'd layer cspacstai-ce tif i-p to 0. i F/cisj 2 (»•■ - ! Ik.) iargely penetrate into the porous Sayer during this brief 
is achieve! by ;r ; aan;. -:ii s» oravittjon ofi.be suffart of no '» ordt " ^ expioit ths car-:si»t.irtce to Oic highest 

t«« ^la«j car>X!«. whereby s shin, ilrn-Jy adhwkg Saver d^ree possibie. This atwi, however, cat; ordy be 

of a oit> jv. i, iim i ot;sjT;.a. se a s\ra„t v\ t! j ac^"">ect v^k.. Uivs >mi~ -isjsran^- v " :> i'dcctM'yte:- 

5r.!f:rc>poro»4 itr-isn-fe. the pore s-ystern is ssifnckntiy io%v, as ts the a;ia given 

j.s. v» " t s ops,v»r <, „"}e>"-o«" t (A«i\i ".^c T u"ec\ v. »av_»lei ^ <s 
raareriii havisg hittb ear>: : ;:itav:a-a- (im, bevonci this, aif.cj <i5 prtidui:; of vo'Bi«f:-s--sociated canac 'tanrc a resi^sivity 

ss 5 - t x s u4'v ,v j if* s «. s r- , - s - j „ rc -s Jf - n ^ ^ > 

a>a.ri>-av* JvU'a , vh as r^tx^ir- i tarar. tb^i»vf^.w wto* ' er „t ^ .oottait j- 

'i < f r.t „tu . etv- .e^ phtr-a-) an.: t> '.r^tM fT reacts \-, l0 oJ <i. 



4,603,704 

il>oat one nsjci-omcwr ar;c" about on? hundred raicrome- bad, atici this tiid not chattae ovttr a ioso dttr 

sl< 0~s & 6 \ sj ' J* Jfc 3 J i'il'l-i- f g t, v 5 O ■> iM * T { J s tl at Ms 



i As range frora abo«» two micrometers, to about ten 5 l>i order u» i; 



:stigat« die bcxiiiy ■eotopadbtiity o: 



i sheets havi-sc :: bla 



, poro 



r;G i snustratas the sarae h::;;io eiect;cde configora- layer as v „ „..„ 

■ion as FiC. i. &sd cor^ipc-ndi f ~£ 3re?'«ence Hiii««ais r>otinorous 'fifing I:N Saver were i-nof-nred in'^rihs 

ru\ '.- 1 a-r se;5 : "t-ckvtwt'htMci, eieoto. c -era ihi^h ra-f-oe -f;,i" { ^U:s ravine ,i > >!„ y?i<,' 'f io 

the ccr.tactitif itehx and ihs- synthetic costing. In FIG. W. jnrn.j. After an impiamatio* duration w»e&, there 

2 the <:ies."rcsl£ head IS is sfcowa as having spaced po- were no difference; with respect to the eo;in'-.-;is-f 

vous layer- 16 aaci 17 which are separated from each tissue gtowtb between the various soeei<?;ens ; * -:>v:-. 

<. .r 5 - -^s' K i rs«\ » ltj> poss^e'^ 't - f td 'es-^.v. ^ Pouid^ j r „ v 

layers Ifc and 37 have the same composition ana layer nsss of the connective liswse Javi-r hi »i! sp-er^ie^s 

thiokw* as describes for porous lay?:- 15 FIG. 1. ?; arrowed to isss Ui^n uxiy microns. ^ «ro}. i e tt;ore is 

Ti j(, s >i * i9 ir ts i» ^ca 3 ^ 1 « v n t< 1 

' . r-a r , 1 e e< tuv tw 3C t^ ^ n *1 tds I.^r^v >-- Ju .i«i „ it or . 

f ' i i sT'v-u o i t loti^lt u e " t «. ^ 3t ) 1 v> 

fjiatefis:. r*\^ss f;«n'!.t> eri.i -e oewe > s > js, ~< , tC v , llr 

^ --s j i -s f-< 1 j*s.jw i r'ru* 1 " *ts>w Ii 

K-rrssr r-iater!.ii of ei^-iTod; head 1$ c ; f FIG 2, m a S il.-. heiix. <Elgi!oy ii a corro'jion .-esisj-wt itaiiicss 

i\:ftiwr «jnfc.-j>i(tner.t. aiay baas a s!ef:scr norijiotoos. seal- sieel fiav:n^ She follow inr f.QaswjRCiai<. Co, Or. Ni, F*p 

i;ig Jayst which together with the synthetic tmutsg 13 Mo. Mn, C and Be.) Given eiccirodes isieaded for 

(.-OTTf-jletdy isolaie:- fha !neia!;ir nureriai of ciecuodis i!53ptanta.t:o;i, snorsover, ;.he elecrrotie stiaak ss aiwavs 

hfat: ?0 SBd f.rfc-j?i ii fi-ass hodih Hs-idi when ibe dec- coated wid- a suitafcie matsrial such as 3 ty;itheue so 

troc-c w sfnp ! .s«ted. that 30 probkrn.-i wiib ytaaaoi in the ijhvs.ira: cotrspaM- 

Hs v,iv o;(>s^.r'e ( tb. c^vtM.e ^: FK\S 1 . rd 2 bmK. sser-vv di'-iv Tv ci^vi e „,e: ^ ^ 0 

1 <-v j „f„bt stt uk er iiL s„v> .tu!*'- ! ^ ^s \<. H-f \ s d 1 i s 

provide a cioubb: ;ayer capacriiaai-fc SBeasared witt> 3 r/uteatiostatioai'y fro.™ stspydiiBCS trteasursBsen;- 

puke rer<«tior! rate of one hertz as cspfeined heteift. 30 s-^erived as 2i',5 jaF/cro 2 in ft. -5 M NaCl >;iv.,rn v»= i 

^ 1 i- > ?v « e - - r «j, ou sJjJ ,j j^ds per R, 11 1 v-'^ „ c>e ; ^e3-_- *s ,s «■ -7, a - ^ 

. -<ti.Tjctcr ^-^.o.cd tn Jvls 0"= bat drt-d tr.!;!-^-.: j , r-er futher sp^ i-nens .^i" rt-mtu r,-.^ -tvtrs\.e Leoaase of 

centimeter squared. Th? -eshod of matiiifacisire ;«;d tfae fiigti jiotosity of ths iayert. however, ibif. oar-sid- 

tietilla-S charaisetiaics of the poro^ S&yers 11 tt> sue! tarice i? awsilabie af> ;o trsfpsenclrrs of SO Hz. The cat^c- 

17 of HGS. i and 2 may be as described in any of the 3S itscee <1s«;;.Mes wiih increase:; of frequency V-o" 

foiiowing yw.pl«, sr.d the electrode systeaii milking reaches s viiue of S o^P/cia 2 at a frcaiKHJCv'v~}bt} Ka. 

eiectrodes described in tbit. .wc.tion may ptovid? Tbii drop ti. ^v.J.^d by lbs porous iiruaute of the laver 

>• 1 S V s i J !<• j ft t j. U I « f«C, » ! s s l> 

section beaded Surri'isary of ibt: Inve.ntitffl. ifscreasing jVesiactwy as cofi&eiiuejice of tbe eriecUoiyts 

The invention sbai; be explained \n greater <1i:i3il with 40 reiisttsHce. The capadtant::: measarenie.'iis %ve?e coa- 

rcferenc? to exanipiss. ducted a* a;- vrttpedartM test iocaticsn, whersbv a poseu- 

In iha !~.ve«ij.atior!t desenbest helou, e5eotrc>1e^ twstst w»; oosjpled =o a frec/jatcy re.,poes.e snalyze,-. 

" s s.^ >? , j sk s f x Ti- n ^ " s t 1 f -3 tre ' "tc 

"jatsiy tidriy rriiorctss (3D firas were respeciiveiy em- pre ted. 

Pfcyed _ 45 In in vitro espenBien&. sutnulatior: efccirod«s. were 

iite ssrusiare of ihe porous layers depends or: the 'oaded together with a bear: pacet»aket at a eoitsse of 

msfjut.: .-luiif.j: csndinrais A f-e-db-iike stree.t:Jd:: was $ V, s ptii.-e duration ;tf 0.?f tn> p.*ni ar< eies-troiyte Ltti- 

obiatned ;e:ee.;5 & N; presiare of one ttiiiiihar v,.herar : the peraiate of 40" C. ovet s tirae span of 4.500 hoars A 

rseedie? ti;ive a diameter of about one-haJf ratcron (0.5 cspaeitAuee rfeejeaie of 20% was observed over she 

<-s "N \ f i " r ) * X> 1 1 1 Of n t t, 

ThanKi-a rjEndo-ooaied iitiTiuro sheets, for exartipls, A capacisance of l'i.5 tnF/cm 2 (give;i i Hz) 

serse.1 for tbe deterfiiir.aEsori oi the eSeot-roeberidca! id^fUified ir the asossvJ lesti-sg firar)i;iKt.:hn;; of ihe st ; =n- 

' "> ^ 1 > l» i j u' u ») s eetf >o » *(k --i.i * <s Os<w! 

r^geroen: «.jjb 0 :5 M NrsC; ns ^the tiecttoiyte. A 55 liwied by the body fluid, iisis viiliie hts apptoximatsiy 

v '•'s-" s s ^ i( , !t .f „ ft , e c Na^i U t i s ft i i>t , )lva « j - ^ , > 

!X\:e Ike :s?etc\ >>e . -rn.t,-ea v j p; -eni-oste; r^n^-e v^uts t-it e;wi%e ev-. a/iei se. njij.jjjtaau: 

>nid jsrw"' a! v .1 .< j <. »> er.- oo< v. <-re. anu rented S 1 Jurru« ^! 4; aays A if ,n vO,ir,;.-:.Sj? v.ss^e layer -ias- 

t! s o" t ^ < f St )^-oeneb\* ce i,H; ^ r^ < h<^^\s Viweet" ti«i\ c .v^^i: 

ekotroskr.; Tb:; electrodes ibereby ssi a potential of W pa) formed during ibis -om-s. this ag.ai?; ctsjr.onst.rat- 

<h/H? «■,=.- V. (The specification <J>/H; ™.d?;:otes. a ing the good ti;>si:e compatibility. 

i< !r >. T j.^f-,^ . ; tlo | „ e % Mi* j-k .c* e e^. rx "<! ^ f ^e s <j u , - *C 

Vn, er -fit> ia, 'in . wfu v»«h e <. '.^^e r 'e s " I w» 0 Jso ^"^V . ec d rteaus At.er '- 

obathie of sniiln-ol!'. per second (10 rrtV/ji, one «5 an.-i!ysi-> showed ih.ii the eieeirode's were ^ir-ooiic-i-.o 

observed oori',-a;!t ourfetti i« ibe aenter of the interval with connecting tissue having a thickness o:™ iesi than 

OSio/l-I; .-. ;s ^l V. There E'ro-n » siottble iayer captu:!- 100 snicrtws. The esapioyed eisitltotis Enriienai is that 

ta-jce of tnPV'trjsv occurred st ibe b^stinriing of the bodily compatible. 
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l"3 ABSTRACT 



are.-, of She passivs eltttr-Jde si.?;; bipolar electi-c«ie>=. 
•:>c it, e iwk, ..-i-do „<mb(t. . 

surfed !fi yer ihas has s high doubia bye- capac^snce- a« 
the plase be jac< :<■;. lit., i h,; r fT:!^ f'se ->i *.-ie 

:;«!t. Pamcniariy suitable ii the surface teyer is 3 purosw 
layer oonitsting of carbtefc. r.;!.i-id« or oartx^hrlde of 

rt'.um. rrioiyftiefiarn, iuffiiirrs. t; : ctft!«in or 

iiitiSSien. A jays- of .iciivaied tarbt;>s -ai-H a '-jriace 
having a porosis, frjicvostjrgrlurc or. in -he slrnpie:;: caw, 
a rougheBeci sa; face are afso MJkabk. 

J I CSainti', 3 Drawing Figures. 
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APPLICATIONS " v ' " v : ' 



>i ' -it Tv j „ -pen„-3,:i ? awixUiea L S 7. i»»t t < iL 5 s\„..t ; 

b " v \ ss ' !! ^ }i * >!■<■ w, < iv. i ,ou ; ,h t n-,: m-h^ ,>r 

Koarad Muml, Kejiiut. Fteik-t as-d Frit-finch Hoerauf. s pta'cius ;r:fiSeria:. foe cxacipi': of a «> 

* *■ i * t A <sKf 1 K i kl t ! <, \ v. «- v ^ i ! 

U, iu tha natti", of H;:k3" Eire.tjvist and K.oiir;;d 
Muvui, entitles "Beari Pacemaker System". 



BACKGROUND Or THE INVENTION i> A ^trutady advantageous jawve eiectrode k ft 



•; pace- 



■ ride of si is 



ysU-tn, ,\! his; o;-f acii%s dec rod>; :;ad a passive e St- 
rode ihspo&cd sSoft" the COfsffcjCifl:' ■syMevn at »;j snier- 

in \h: 



»»to» or a mats! altoy ssseh Is FJailay. 



inhibitions at tf;c htiu-ing of the « 



tins prefer., as kn;?^a. resides ;a a bipolar llOW ' a '' P^oi:* carbide, raindc arte! csrbon.iiride 

J<- i m; ,, >■ f $. t i ' -i r J t j 

jr. she- pro-<;m;iy of the ai..d\ t: eiertrorfe(s) tnsieis of the ln s^er >'-■ < !V °^ maieriahaisoriated differe^tis; p<> 



ira: 



e of the -'C tcntssji. it iv jjruvided i; 

to she smaii distance between the invention thai s derse uonpGrciBS scaling ;ay=r of .- s 

:.-ifotfC!d?s. Kftowu t^.iv;- ski:- inaierisi ct-rte-tj.vifi'Jins; io thf r-ijU-.riat of ths; pofosti 

:>ir,pie. .■>>' 3 litidrical bod\ of a ^aye-r :s situated Sseiwcen carrier r:>.:?er;a.L sjici sakl 

y ha ving a surface area t:<f ar>r>ro>;> pt.irncs layer. 

to -ht-. fdativety !c:v/ cioubie iayer ?i" The dwabif; layer capacliaa'..^-. of the inventive, psx- 

um/iridium * 10 f*F/cn' ! kHz), siva ciet-trodes are higher than those of known ei«j- 

-f^ -nh ^r,e r\ e 3, 1 * Cl ic ^, -io» -z 1 vi ^ 1^' v ,t 

■ijiriMKC". Sos*e& wishtti juHifiahie slfntfxant reduction of the surface ares sf ihe pajsive 



□d« is jXKisibfe. This. electrode praciisiiy shrinics. io 
ring thai hariiiy chaa^fts -he Tn?;:har.!ca! tjrot*- 
t:t ih.r !;it r - dhrs^ior.s of the passive sletirodt. er! . ss , of C( , R ctacto,- s.vstem at afi i.e. -ht- h;t;h ciaitic- 
Itnarm-Rg. •:>:,^r.le < ar : jasaiatea cisctrw al cotidac- ; {v of ;he e t £CIf0c!! = i^.e is Lar v .e!v r.t-sraiijeed e'vet, ln r n;: 
, . : B c^-c-er. toes the cyhndr.ca- btrfy of the ^ of (be rj , Kslv:; e j fei? , ode , 

f^J C!ef tr: " ri -- ;;::J : b '-' sK ' : V !r!f;i !oV: S ;ri OTd « }? „ I« aaditk^ W3 il* H3;>K>, cd mfcehan^:! pro^rties. 
t« S ve t ne t^trca sur.scc ares. Fa* ?f«$uc^ a coa ?l o- 4? ^ € s ecfroohen3 } cs j iiW; ^aac, of *e overall efceKocte 

:i^t.li : "^;"!. t : ! :. . oti I^ v e " '^.J!:^ ^ * ^ ^ e of u»c 

■.k.c, : a : y,o :: v.^ :Os ji .at. p,o%,n.-Kv o, ifie .is. .iv-.' r.ev- j-,ve»tlve t>a,«ivc r:iect:o;le depending tn ths size of the 
wodi'. Aaen. -or example, t: wamBtterofa aeatt ventre , „ . . , , , , . 

e;e skt'trode v,'n;w. i> to t>e actfiiec tti rt:-^ im o th:r je*' 



eiictrtidc 3i 



•setKatsvisy of the s ystetn is fhrtfier ■enJsfe.fiee^, 

?^!"^tSs " ' Ai! ^^'"i- --'mbc^iroent of ihe ifivevttive bspaiar 
eiecErtide system is described sad ssplsirisd below with 

.. _ .■ : i i 'th; i r ! «' ^ JerEfsCif '<> lh 5 ^^cywi: fb«-: of dr^:«gM a*«i 

o fl-e":riSV} i aho!- or a break ottier objects, teaiiifes ana aavaniJigGS WUi be apparefit 

•a" the e:"w.:<;-tor f\vv- rs thf" rsrnMPiitv of the J 1 ; : '~ r0 " i fk'taiiff'J disekviyrs and from the appended 

!iiis!i"eoiag. ciami;,, 

SUMMARY OF THK INVENTION BRIEF DESCRIPTION OF TUB DRAWING 

A iJOBcissJ 0!5i&.? ftf the 0 resent ttsvetstiotf » ;o t«- F5G. 3 i~. 3 sorsewh.ii diagrtiTJimaEic ilisAtratiOfi of s 

duce'she wrface' area of ihL- fja-^^e eieetfuie rove.a Ki «p:)iar eiecttode ?ysreTi: ;a accordant: with thf preset 

utjaltcreti or e\ ;a red need rsoiafizaisioti loass and i.o ;aver.tlo.a and showing the passivs eiectitsde ssipiaeed 

;h;;s .'.f.mskiirub-y reducs tfea"iEecSijjiical Kir«,se:= cf lae i« ^-e Hi ve.arricie of t«e fcesn. 

e t , v ^Tc 2 j no-i jp^t 1 < ote <. < v. ' of tiac 

ih^ ,'t::s,-: h srX>nii\<f\s .icbie-.--:; sr; :■-.!.! at itvi=,t the •■K!f'iSiit?G c.'ivtrotfe ot FJQ, I- a-sd 

active rsgso-: of the passive: tk'csrodt has « surface layer <;-; PIO. 3 is a partsai fiirOwt S:;S3rged vit-w of iiluitrat- 

f < i 1 s 1 " » it n v 1 <\ }i-"-.t ' t e i i.! ' ^ > r «< < ' it. r <s s c > ! o 

pttasa boi:Bd,tr\ vviti; t.he hody dnids. 1 'his high double ihe insalatsd covering of ihe e;e;:;rod« t.V:b;e of FIGS. 5 



DEi 



V\ II. CD D£SCfU V HON 
a bipolar elect rose svstesa- vs 



g'iO. 3: shov 

aeotasi with the tsipiantad electrodes 3 ana 2 vis a fifed- -5 
bk cable $. The passive alee-rode 3 is shown as being 

f s > h *e t it. c 

posed along the hsKidatea covmng of the cable 3 its 
proximrts to the active .eleearode I ami inside of the li 



4 

Us arfdit'oii ihc improve e 
deetroehe racal irripedencc o 
ioai cia Is*; be rrcueeo 1 wih 
'fiiifive passive electrode rsepen 



asastar.es. of ihe 

of th- 



* i'iC 1 e> U CiV' 

ct-rsof s tb 5 a in 
covering of cable 3 rra 
three miUjaaatm. aad a 
of -ha csiindnca; ac-h 
trade tssay be less than 1 
3 so which- the passive 
passive electrode 2 wt 



wtth-raeofthree."- 
; insulated 
f have an outside {IkrajSer et 
> < * ! 2 1 ! 

ft: outside diameter of Use cable 
sleetrode is -applies, Tims the 



y flexible isieetrieal cable 3 -a 
ssive electrode 3 i 



the ' 



a the shape of a 



■s described herein is pre! 
aw ring havstsg. % length. % 
one-tenth) of five -millimeters .and hardly -changes ' 
aeehanieal properties of the cable 3 so that the high 
e?o,> _^ . „ ; J j v.v"<iU 



swisse area ihas is selected, whereby tit* 
sensstivtfy of the .system -is. further enhanced. 
Hie thin, porous nitride, carbide or cetboititnde iay- 

>- V\ K- ' > „ K ^i ^ .rva'- ot K !<iHl ot U 

>i j'-jj'o o J j n J ..c\ ler>. i o> c-'ci o», • 
material such as rsta»i«m -or -platinum serving as- the 
substrate, : Dense non porous sealing layere can 'thereby 
ftm-bcdqmitt^-foikswed bv portras layers of the same: 
material iaacsGrotifjBass fabrication, proas® by means of 
changing the vapor .pressures 

Elgiioy is » corrosion rcsrstant alloy having the hi- 
lawsag. conajsoncstsr. easait; chrofmriitf. nickel, tress, 
THolybdeaum, saang SRess. carbon, and -betyliitag. 

A high double foyer capacitance is a capseitajsce 

bodily flaid which permeates the- active region which 
lies in the ra»'ge.ftoas-3&ai!t iesi auihfuadt per i5e«ti'j«e- 
ier ;qasr>;{j and ahout one; hundrsd tniihffjraiis pej eenn. 
merer squared, when taeasured with a puisa . repetsrsos 



y ofo- 



; h«rt. 



<» desc 



a of tf 



■ pass 



a eieettx 



be- utsdentood as Uhistrating , 
each of -xhff -esstedt jneats defefid to the s»m. 

ir. FIGS i-o. the- passive electrode fcgion > csr. 
advanw^goasiy have a rwzhmm surface or consist 

oi-rfce passive CitsctxfxHe'with a byer'ef atravated glassy 
"ir ai \> , ,!> 1 j v > o i«pn 

jaaes of ap to OA Ffcxal 

A patfactikrly advatsssgaoas passive electrode is ofv 
taiaed thsx the snrface layer is provided by a porous < 

v v - of b l ' _ - U 

of the metals titanium, vsaadtasa. ?ircosi«itf, tsiobium. 
woiybdemrsj, issfciana, Jastalssa or wissgsters. The po- 
ro«s carbide, r.h.i-cie or car fcr>tyt:lde layt-ts ite situated 
v iK^n'r; > ni'fc-r 'ijvk , '01 j >,i'^ f 

rt t i i! " ^ j 1 S » \ i a t fin 

The double S&yer capaehaseas attaiaabie -therewith and 

'l 11 li « '.^ -'PS OS - s' » tl'l 

ha . ob approxiffl-steiy the same order as given by giflssy 
oarbOR {avers. I» ternrs of ftKMsnfactunag technology, ■ 
howevef, these porom carbide, nitride and carfeoailrid* 
layers are to be pH;fen-er5. 

It: otda- ;o :;voi;i R-jicriai-assjciated differentia; po- 
tentials, it is: provided in- atwther davelopirrent of the 
•iavsaaoB titst a dense aoaportsus seaiittg isyar of a : 
;;iater.a: aorrespotir-i^ t« tlse s;;aierial of the poroiss 

poroas i-ayeti 

The doablf: layer eap&eitsireas -cs-f the -iaventivs, pas- 
sive eiaa;rcdss are higher shaa those of known else- : 
ttodes hy a factor of about 10 tteoagh ICG bo that a 
SigniiksasR redaction of ih surface area of the passive 
electrode is possible. This electrode prae.tiaily shrinks t«- 
•a : narrow- nag fas .shown in FIG; 2} that hardly changes 
the inschaisicai propartias -of the conduator syst«?5 at ■> 

<. : i_r i<t^^ o i eicsi-t-'e ' n- 3 
largely .gagsaturasS sveji ia the area of the passive dee- 



Tiarau-nj nitride-coated titaritui» shefets.. for example, 
served for the detartninattOR of the electrochemical 
properties, having teas investigated in a half cell ar- 
rangement with 0!S"M NaCi as the s-isctroiyte A 
s-mooih platinum sheet served as eooperatirjg electrode; 
an AgCl dectfode was -employed as the jefenwsce. eiee- 
wode, The eiectrxsdes ware ccnaected to a potantiestas. 
and ths potential values were -converted -a»d related to 
the potential of die revs sihie hydroger. siecttode (H 2 

v . ) s^ ,( \ ' v ^ O 1,^1 >, 

4>/Hi v. (Tie spacitotioM ^/'Bj ^dfenotes s 

prisentiid referred to the reversible hydrogen -electrode;? 
Under pt>teiitio--dynamie ioati, with a voltage rate of 
change of ten millivolts pef second (10 mV'/ 5 ). one 
observed 3 eo;i'-,tant curren: \n the eeater fifths ieserva- 
'Ti „ -- 5 X' ''"se-.. 1 -rr .. ..c-< "\ a\ -r -jc- 
un<,. - h ^ 1 e>" <v:ttt,-i at t e v t ".i is-.$, >f U-e 
load, and ;h.s did net cha-ip^- over .: \o:<6 dilation of 
•eighty-eight: hours (IS h>. The snvasttgaaoas- showed 
that no corrosion occurred up ;o a poKntia! of 1,1 V ; 
the electrodes are thus saffteientiy stable. 

The r»v:gher.;;d surface layer st the active r»giot- car; 
be prodaced by roughsmng the exterior metallic sur- 
face of fhe passive electrode at the active region to 
provide at ;east twice the area o*" contact whh hodiiy 
fitnds as woaid b-r pjx-.vided by a srr-colh -ncta! surface 
of con - ".garat;o;s eorre^isonding to thai :i;e ae;ive 
reainn. The roughened snrface may be pereaeatec by 
•fjodtly fluids to -a- depth betweett sboat one mictotnefct 
(osse micron), and ahoet -one haadted microtnetm, ifes 
depth being termed the "layer thickni^s" 

The active region may ate be comprised of activated 
catbon -,riU, a microporotis exposed surface pam:eated 
by bodily fluids to a depth bstweea about otse micronse- 
•ter fona niic.von.} and about one hnndred taierouseters, 
: this dapih being termed the "layer thickness". Within 
the scope of the present disclosure. a.n activated surface 
is understood to mean -i surface w:ifc a rrncroporcus, i.e.. 
a ronghened siirfaee. 

The terrr; "triixed potentials" rii'er;; it' posentiais pro- 
duced because of the presence of different tnstcnaE- 
s—i.e, material associated poteatiais. 

Aichougfi mndhicatinrss and changes may be sug- 
gested bv those skii Sad in the art,; it is the rntentionof the 
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f;i£ relationship wfaea she ekcaode Is i;: proper ;.iosifi< 
wiii; sespect lo the patisat's hfiari. The eisctrotis :f 
presses electrical sis-;w:i o^ ib.e excitable ^ rcyecard; 

Uodc is r.-apabk of abruptly sensing, within :m Kitefv 
less than K» »w thereafiar.'ihe efexncal ac«viry of ti 
hear! in response lo ihe siim-jliis so verify capture. T: 
hurf.-ce of She electrode raay be provided rs recess 
to which ihe indie.:!- oaiiie isy« ;«ay ha coni\fii;-J. / 
indisirn o.ihte layer may be provided on boui iti-.: vat 
;;<ie and the aticxls for sfEdiBt itjasductiosi si ih:: we 
trode-electroiyte inteifiice formed by trie ;;y.;faee i 
iriciiimi oxide Saver sac' tbsr surrouadhiv; bo-iy fluid a: 
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electronic: circuitry of i%e pnmtmk&t. For bipolar stitrs- 
pSaiipss, the two elesSrodas are in close proximity, typi- 
cally with ;hs traihods being ;a ;hc tip and the anode 
spaced slightly back from the tip ;;i a ring electrode on 

BACKGROUND OF THE INVENTION 5 the !«5d- 

The preset in virion gefiemliy ;o artiffcias ., p e pacemaker myapenfe in »v of several 

ca-d Va~< ? . d -30*e r-rJ sU.; t. unpioved pa. 1 !f5 " eri * e e ; r! ' ^ ^ v! ^"^ 

ecsing ■eiectrics! ' " " ' ' 
•id ssssenibiies ist- 

mocruae m* dectmdes. ' *" 10 triggered, in which its itinwiij are dsiiv 

TV mio 1 < v ^ At <■ \ the isor-nat Kuaurwiian to '-rseciited cardiac aenvty In caca ot th«se mocks, 
heart acts as the aaiisraJ paeeinaks; by which risyihrnic output pulse 1 , irons the pnise g?ner,vof we delivered via 
O ra >c a- <■ ^.r'f r\ pot^UU thr 'he * J >o r >ec • st"»* nor - -\t ~>A v. a' 
afria. hi response, {he tarsal chambers contract, pump- dial tissue st or nsssr the site of she cathode, thereby 
iijg b'tjod into the ventricles The :«chaiion is propa- :5 prodiiciag the desired rhythmic contraction"; oi" die 
!?&tsfti ihioisiih As arrinveriwjeuiar (A-V) node, which affected ehaaibef. Sim?:; stkniiisihxi is attributable to 
setose •> , 1 > apo 1^1 w c t\< jiw -\ .'tu „Li,e> de m \, wmF a -a s>j-i~a' u t, L_ rx.;' <*. 
vOfjiistifig of ihe bundle of fih> and Parkings fibers 10 sefiVrs. The current required to produce a givers carvsBt 
She vsfiirici:!af myoc.-irrfiuta causing contraciiCHi and ^ density decrease.-! in direct propottbn to the aciivs 
Shepuair-;:ia::fb:ONVift0P3t{:eveiiiricU:'s D^rttputHiof - a 01" th? electrode, Siaaii jki i-alhudi.: .^ec:r-dei> 'aure- 
us s*t-i, "w. i^'t ^ ece-HN r«- icewrxet 'ptoion,: 4 iv * «ic: oieAVJbr >tx 
: as;i of aging ; " !<i tii^se- val between required surgical icpiacc^s.-its. 
Where the h-iiaats patient has an abnoraiaiiy s5ow of j B SSBfcnce; stiinaiador, reqah-ss tiiat the elecirio iiiid 
1 .u" <■ K 1 - ) c-uii ' ^ , j'Tittn e it d tre t,' 1 ' ^ t^t t 

^- .vj .^-.ai." rj^^^iV -r seln ted . >„.\>tcir,3 to ca r«^ Ia. >r, e' rrcai ,)ir iit^^v s 

the specific jKKicni's need;., its its simpiesi f«m»,_ tiie t( , ac j,j., ve lh ; s is re fe fre d :. c> as the ,t:;ii!;s,3doe tts-esh- 

ssrdiac pacemaker consists of a piiSsf gefifiiv»tor wits a oj£ ) -p;,,, S! ^ 3tw efficisncv of the odUiodc- ;f; im- 
battery P ae.k. a»d a iead ^embiy. The les& s.Hsexr.biy ing t hc deot.oc f sS id on the tissua, rf- sreatier the 

iedncici a pacing elect i-ode to be; positsonea in itirnvm- ■-<■< ^^ute and/or durante o-'tand the energy cor.tatp.-d 
<^ )Jc ' t>t m J t » ,- rJ -a-uw-di -t ,st" 

i f;i ,dati:rf cUctn^i co« mterco^f tfJ!> f si f ^? eT ; tSaT.f.hcki. Accordingly, highiy iciest, ar.v threshold 

^ S ;^!^^l^H^^ 35 Be ^- : " ^tcf etewodc effn:i*ncy reduces w-ergy 

to no'"t of reference r-otessaai tor the cardiac pace- ■ - . . ,„^ 4 .. ; 

^ i A ....v y ! • * Oirdiar; pocme may aciwevec w.fts ftnoti;:i rattier 

«uk,r. cstio iBr^a fRf . t-,x y fi,««r a„d Ruic,. ^i^buon. b« ft e iti.nuL.ruw thre-hofc: 

1 1 1 «t ( . , „ , , t ^ ^ , S , 

■A)ne. -he siroe:at!r:« >:e,-o, o. v<-^? t^'ho Je, aac « c *' '-vntrast tn r^ec'.or t j i.-e rvteiii^l <=. t.sv. . 
n't- u J « r.t > 
rcfereipw eis=c!«de. the jaotUc electrode, or tte a« Je. KcsardteSJ. « tiie type 01 paccffiwcr aapia;:^. .row 

iak.'- Place it eac» elect wde darine maas. and that the i»r pacm^senswg cevjees anc ttse saitst pti^i«tog:o 

„ jrtL^ ,« ^ ; -.ch thai c*. j e'.^ti'vk", ^ , s i j>it*r. to P<^-V 1 » > ! -«t -o ,s c-^^n Vrf If c '.s 

^to^idtct*^. * lt '^^ tec no r 

The S^i of choice tor use with .he- cardiac pa^ "act^oo ct rhe s.t^eri ciar^er t, .ermed 

, i; .^do.- .rtiial catheter, which is r^adsiv m- -'csptiire 1 , a-td ih«; rnrth^ ot us^etrr-it-sig th^ ^-i- 

„ -11 1 - i^p-.if v r**'^ ! %f 1 i-ii e •> 

trc-xlc ifro the catdiac chawix-r t(j be paced, sn contrast. 55 veriftcauoa" C aptore venticsis.iii .teeaf.^ou-.-*. a fa sasa. 

an esi:caid:i.: i=.:d reouirtss tac-racic ^uraery to affix the on dcie^hif; the pr-eatiai e^oU-a when tue sear, ts 

ctecwod? to the -.iirfiice c-! ihe heart. Various forms of captured. If there is no capt« itfSfe ■■= no iAOK^i 

v W lot P - Cf - Pd J l<Jl p» ^ d "t! , d O' d t l< v 

the sofiiat.iijns eif.Ltr-sde in procer position relative to stisneiathig psitee f."e^i then sc adju--'<x f> as ; -rv c^nsis- 

thc cm tay- heart usftitf. such a* = ; :asres ^ncardiaii a ti-. teat cipt^- it fc .io^ ■ that -ud. tunc t;ieb:. : « p^ceu. 

tw<c ts w oi acxsWe barbs, h-.ioks or tines fa&towsd to >hc cacdiaa electnc«i activity ti-y (>•-- rtv:;;i;;ored tc. 
the lead in proxifi-ity to the etcctrodc. *«e presenos of the *vok*i potsmiat zn<l tlwrebv 

Test.- t<s- J c "cecn ^er tnav -.-T.p-o^ loiffU' ci ^-k- \or.T» : .•piv--£ 
■at Jurctniatjoiv deoesiflmi- oti'ilts nrtfer^tce o^ the phy- la practice, however, captur; certficatson is traugitt 

sieiar^ arid the need;- ( ; f t;;e padcr.t." For iwmoiar stiniuia- ■« with protjlem.-:. one of the Kiose siprsificarii being ot a 

■ioe, the -oi.-.de :s -osatsrfl sraoie t'o:rrs the Bean, ami sig-i.d-io -noise nsx^: in wtuch ihe ;.sg;s»: vu^i to b-.r 

\ «. 1 ^ -1 ■» „ 1 1 hi. e mi + n,t i n i4c< - "t f 1 1 1 - - > " ' 

v so t i • fi s if ; »t or „cj v 1 r u r ^ie 11 „r? \.t <- '">. >> f > 
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sdivered. ;hc eisssrode tnn-i\ "isms down" to ailow Although iriciiwm oxid^ ::ie«rod«, have bw s used 

deieetior! of tt;e evoked potential judicative of capture, more reatsUy j» electrophysiological expariaienis, such 

>' < '^k' i *1 v> s ir^w^i 'v- ! t i th>«-rjc' 

preciud-.* ths desired detection. Accordis;g;y : iome ity ta small animals, the proposal for such use was attritb- 

.•apt-trc veritloatscsj techniques seek to fitter She stgaal 5 ataW- to an absolute reqaircrcest for e&trstrwJy finu 

from the mstjdnr; aft^r-potenoa:, neccssitasing sddi- electrode wires, with active surface arcs on the "order 

ixstn\ circuitry bsjc space. of 20 3 qaarif miuroB*. Is. had bear: fouiicS :hsi o.v .->, pia'i- 

SUMMARV OF TfiH f.NVENTTON ^a^^i^u4^f^w^ iow^Ss^-r'-^ 

< - - s '<*eo* ti'>iu' r> S f \o <>Pw^ ^ wttfivo" osie>n>-'vv 

s" 6t>* " ;<. rtv ! M \> "^v-itNt^i f > »■ i fs ui/ w j " 

4 6?3,5V2 i:3T.!i;ed "Low ThtirSihoJd Cardiac Paciag cant detsYiiJjation, [ji ttoatrast to rfce rd-j^v-iv/iia* 

< „r'o.^ ft* v. vS.-S No -"Wj'a}' «*uw\.ioi -« a'-p-cp^. o ^ ,m 

■ion";, and assngrysS to ifet-atae aswgaee as ink, appiica- tnenis, electrodes tor the sittftalatiori oF exeitatjie'ear- 

i^ 1 * "* - " ' l v. W.M 'v C * SSl t " f If ("( t 0! i + t ' 1 

> c i x j * DM > i a % « iit r -erii % t s r * 

jnd;iMr, csiifc layer h fofrrtecion the electrode surface to Tile copending Ser Nu. ' sSa.W apt Jicatimi .-jotes 

- a oi< - i-ea .a t i ^ auo f <is i$ tha* <t± «s ! okh t o m \v> j < in 

threvhotd as coispafed to eiectrodes s»d electrode capability to pevib;m as .-: charge Row Lra-j.'idv-cer bc- 

»eyh:s 3:ii1 i.-0!T:^3S.".ic-:;s prev-iuusiy s.spif.jycJ ss ^3e 20 nsceii irseds.s us};ib'. faig diiTere;;t chsrs;if X-,-* jcsecha- 

, jfti, ic pai .s; * d T->" •£,!« ;> ^™o\! ^fi-\-ie< a^wi! (^riinitc^fiN ," r ci^,\t,\ \s< f ^ 

uJva!!taaLiif:.^.iuuce;«ttri)dt-?«%Kja.st;iih<:rt,^ as ;a eieotnea! conductor csraparsci to conventional 

or anodes A«:cng otiier advantages cf such dectrcide?, paring elscwode matetiais, that trrfrs.iss nrtipemes of 

c 'i * *J f ^ i ^ - i k." n d < * 3 < -v r^d'sin i\v t A' * >m i iJo.s / »{,^t,' <-p ^ 

l P O 1 ■* 1 f i >. *K s""tlt • ^ J if i i ^Jv.P Ui feifC" T T i! 1 ' ( i. ! 

oxide appears to prcscs-. grcjsisf physios' intet-.rity aiirf at activity of ihs hesirt. Tb» .jppears to .:rise. hi part. 

sa?.-r;c r erurtj- :ran-:tr .oribsiity ^ unit arwi than frjai the two bav!CTn*:h&r.is.r«.';or cufeiv r : ov\ 

tj o"»*'* 3C i o»e ^rt Ri'lv wL'fc f t . 'owe a«-3e«s^ov f ^ 3 cmI.. pj i ^ -"v. n 

*t;ina:aUoa appacatitsns, ;;3t; iamag speciaiiied eoathsgs risbi hy which d&.'tf on How away am t^.-t txi;J«?d<; 

such sis pisu»ur» black. 30 i."suscs;ek:t.'!.ric;5J charges in the ■solijiioc at the ele.c?:-;;de- 

As aoied ba the copecding S*r. N;>. S3S,?Q? applies- eieotfoiyts saterface to onen; tfeanselvts sueh that a 

do?-, iridiuBi :)sidi- siectros-e-. had pr^xiOiisly b:u:r, asesJ displaccrnwit carretit eveurs ibft-agi- the dootre-lyte. 

lis various other appiscati-.iris, such in eiocrroehrosrje i.e., h>?cat«e the electrciyte is an ior.tc Ktediam. the 

displays, ftf.g.. see Dauts-c-jjon! -Smith ei t:i, : "hiisriro- sii^hf ditip'scemerif ofttteiorss h !"sor;c«ta;!OFi or--;<ies ^ 

virrywiv Co.!' <«jt* J-iCi.arts Oii^tC Dtsr'jV Ei«trodi.s", '5 cha^e flow Waf« r he eLvtr-^t pfiteir.-b.. acic-si tr? 

Solid Sane (owes ? (t?Si) pp, ia-is), and ittduding ekctrodc-declroiyic interface is siifildeatiy la.r^e., 

certain raaiieal 3ppiic3tton.9, such as for messnring tii- chesnicaf teactions begin to occur and cart eti:. Sows. Ai 

sue rnspedaiice^ i'e.g., see Gieicts ei a!., "Caiap3risi.')33 of "hat point, the. snecR.TOisns is no longer eapa:;idve. Wkn 

- >3rtd tc^^^s ^ ?f PL fiC hi and Sr .^rv irtona^ 'iccoJe i e,u t; c i.U i> 5 va 

A.ISOF tlectrod-js »sed in eiecttopbysioiogical sxperi- 4<j tiofii are labsiantiaiiy itieverat'ie. 

isents". Medical end Biological Enpnaentg &. Campm- It ldiurt! oxide dejjsoasiraies 3 capacity k> r^atisly ac- 

;r.g. Jjusnary 1932. pp. 77-?J>; For irjeasyring acidity in oept eia-.froiis our of an elect; c;iy tic soiutioa. sml'thns 

t'.-.- jppvrr ^.:-t-o-,atc?ti";Ai ;;a„E £. Pap/sct:" car. ■^pet.jie ji a hij,h\\ eFiiCit-r;; t-a«<.d-!<vr KfAten .n 

bferficn! Snpneei-ixg and Tfct/fflw''^ X*c"i. 3. No. 5, Sep- of the hsdy.' 

jetni- rr "--t. ^ei po. ,-,j.t foi 7.ie,j«!,-f.:; hid urn o^dt- »ii> -ns ^i-x'Mf.-d as. « teU.f.eU ;*jvt. 

<i' i !' 5 \« .e. « a ,v<> i 0 < see ? •£?<> i -3. »e 1 p^om t wj- oi "3 -ai s ^s^att it. ^ r >< t - 

"An ifidiain/inanirfi i'.>:;de <decifOd>f f'-r -.rt vivo jm •:!)•■ eiectrotie. in both shtnulating .ind ■j-.:n i ;lnt; .ippilcati:):is. 

toring of b'ood r-ii ehartgi*". Journal of Mesiieal <t*gi- in The porous sttnetare nooomraydatii wat« fro-js the 

wing a.'iti Terhnc-hg-y, Vol 5. No. 2 : March 1981. pp. body SHiine. til a typical reaction mvoiving a convcn- 

*6-83, and t."an>i?s;tSi ei «f„ "Preiimiijai-y H.vtvrittttce fiotsa' aiA-'trodis, a ncganv.j potesna! on ih= electrode 

*\V, me pH-'r^cer^l Pa.i ^iix" A J Of. V«j ; 0«.- rensSi >;io,"trotss. 4ad hvdrc^ea !■= r.tesi fr.<«t °ac 

l>~* ^™ f> I -t^ »m-T» e wat r n> *t>e i - -*v. itn\t < *> >\d 

3. p< N ,^a vt e icfo^ rer~ tdo 1 Mo i*vo ^t in. vs i.i\tr ^ivivtij tir\ pr'*ert,jj dif <r*-ncev ic^- tie 

:ridiujn uxida sits:; r<.;dc for con-intious in vivo detection electiOde-efcciroiyte interface are effective to prod-tee 

>f\l+ u« ' " V'OJ- M'ftj )'l A^'l'^M i,3C ns>cno- llJi.«»v\IKv W \a h„! v io 

•Jul artwie. a raplu decrease ct" blood pH wiii utthicd as pt;r-3S rrsp sha rsactioti prtrduct.s that wosjlo otherwise 

it. t v "ic i i j it «. v. j r *> re n j t 

, < m-n cs. 1 ^ ! -\? r" < n itc- &i* a- Jinn. ^ i !ne !i M , toui a ■> t, ' i a 

ttic si;;iiulativin r. : ;e for phvsioluaica: par.; up. o-xide e;sctrc;de the reactions are rcveo.ipie upon rev-r;"- 

j.s> f iv^i c^ch.v u_oe .i-fc 'id m tie v 

>i><-t c ^ •[ Mi I u m,t .u. uj "^ t si. t e t t i- f n ! it 
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^ < * i-> wi-.u 1 as r "rs titi w ?e -r *\wurj *t t^ 1 * ^ ■>■> jar- 
trod*:!; which is to say that the voltage buildup ui the until the active discharge time slapsis. 
interface is Siisaiier sc.-r a giv«i charge flow through the Further objects c.-f the ir;veruic»: are to pruvicte i 
iridium oxide alsctrode. " * pacing e3ectre*Se for both stimulating and sensing alec- 

The pr^sest isnrainou takes advantage of ths iow i tricai activity of the heart, wit" iow pohifizatiori^d 

solariaa'tioa and related attributes of sn iridnst-i oxide reduced residnai vc.<kags to preclude masking of the 

listed pacing alicifode. TTie Sow pchtvizatviri and -c- uvokttd p tiai r 1 lowing cp' <e f -.1 f-'V iv to 

s f d \ s * \ f = t tjjv.^-* «n t'k? h f eh r„j d ^iM'S c" h e <. pr* t 

;;oi cniy make available more energy from each pacing For capmte verification; afid so provtcie improved meth- 

n v \^ x. "jU*JI. I t M V. the C -n3>> f< Iff J p J C! aJ d ». t" to 

^^■v r ^-^^H ; ^^^^ ty aj! r i^^^de BRIEF DESCRIPTION OF THE DRAWINGS 

coated electrode tray oe i&sA for both rt-imuiatioa and Thd above aad still further objects, fe;;it-res. aspects 

se;.ishtf; of cardiac.- activity tc e;fc:L Sow threshold cap- and advantages of the prest:st invention wiii become 

t . t; o* ^a e.v nti <. s Js ijw severe"} ^ n ( wt,t to vV o <t o» ordi n ^ ^ v ' j ~it> ■> wl 

f«H» ths after-potential which foliows delivery of the the itivessiiosi pertairas fsors a coosiderat-sn of the fdi- 

sihauas, tu provide virtually instantaneous ve.nfic;sti£ ; ss lowing detailed description of certain prefar red i-ra- 

of oaptsre. Ir is noteworthy thai snoi; capture veriftea- bodsments, taken it: cotij-ijsciion with the .•■ccotripa«y- 

UDfi is joh;ev*d vvifhuiit ths need for sptdaJ fitter cir- iag drawings, in which: 

^vu* c j 1 s ' .firsts *■(■!. or d tt r a^^d d '\of it FTG I j> ^ < jp* Jcv. ix, n« > v »,v < - v, ^ 

C w. cl ,';; ' ' eiectrodc asse«sb!y accotdusg so the invention, takssi 

"A:tho«5^ the r-io.=-t.-» • ;br th» highly dTi-Ment hah:=\ - ji.^g the axis of the ^ii&xzhcn, w'fi>:h •:- ..-;r-:ui;.t iv 

ior uf iridi-JSi oxide as a chars'? f!ow irsnsiiicer be- transverse ctcss-sectica; 

tv/eets st-edta «rf«biting different charge flow roecha- FIG. 2 is. a -i.-npiifieci r<rpreseBteti»n of an attarnafjvs 

r n »j t :/dv y'.io'WCjd t "vrrm Appears f o f m5x«i'»n. -si uf a -\ioih£ eas'AV; s^en 'Jis -= 7,sx> r>! a 

atirihu-tabis to the ncat-iic;^ osidaiia.'i states withir. a iead asf,~rnb:y ai-.tirsged for unipolar stimuialiot.v ir. .': 

Sito ci' the iKsteri:-!. Tisese osidatior: stata; saeia to be c^ciinc pacamftker impianied jn thii body; ancf 

relatively stable, with Uv* activatkm «jergies, and. FIGS. 3 and * art siectrogwsKtt taictat front ta.t dog<. 

J- r i Si i l 1 W( i t ON MT 'VI 1 f. t ^ v. i < !j. f 

than a .-.ar*c:T-.>r'The result v that enrreat How is fddii- Jf> o.^Jde ooat«i rfoctrcijc; fnr mfimiastor. ;.nd Missing, ;s 

tited, bt:s v. ! t,h > ,iit ;h;- fmtldiip of r* sauat voivges The whkhthc tcp f^r tc o> ~-vh i-KLt r^ts r-ts a svj>ja v , 

nritaarilv resistive ;iaiis.r-.f of tha dwtfodc-^iectroiyte deotfogram and the bottom portion ats eiectrograir: 

i;.tt:?rf.-ce essabies rapid dissipation of any af-er-poieKtiid. taUfJ between the issditlerertt «• lect-fxie and the t-p ebc- 

ia contrast tti the usuai j «!stive^-ap,sc;t;ye snccfiamsjvi tresis « an irtipiatilcd lead as.^r!ibiy 

encoiffifcfd ' v ' i ' V: ^onvettsionai pacitsg dectfod*s by 3S DETAILED DHSCRiPTIOK OF THE 

wmcti *o l^isa^ «' ;™ csu ^ 3 ^P 88 ^^ FKBFERREO EMBODIMENTS 
b:j«d«p &t voltage and aa k-C decay. Wb3Kver may be 

the reasons sot this, advantageous behavior of the vriti- 2efening tsow tc f-iO. 1, electrode ^asaemoiy U' :v 

•i^-i-- .>»M- , a« r^n! a id< -j otsais «j- j a«d lo wvM a c » > '> 

icrv^s t d r-oit. V.f r^k^ ,'ilav tiv> .wsar-v 4ij j*sen^ > (-i< t^ dtscnoe. ir„ ; v " -ort.ct J.tsvJt 

j,Ovt -< - » « t <.o<- cr,o i if <V H v 'A.' e o it-i-3 Mtf^ ■» ■> 

electrodes, at-d permits reliable iarssirsg of tfee evoked vcTjdonaily arrat-ged ibr coaT»cctio« :o the pssise gsiier- 

tK'HctiUai aitfV.smabte to t^tntiire. a i*;r of at; implantable oardiac pacemaker. The oieo- 

Ac^».\ d a r-w^.pAs iw*.c* o ;W 'he present t.ode avt Tint} -'sosws tn Fi-.i Ji\»<**ir - 1" " 1 der >ct oa 

snvtiiuci't toV-ovide improvetnestts'iB capisti-e verit'scs- 45 iin;w there is no need to illustrate those detail* of elar.- 

iie-it for cardiac pacina.' mode stracruvf: winch are well ksown. 

fa .= p-arVrred ssr.bndittsent of the. invention, m iria- A&sembiy 13 :s ec-stfi^atec tor endtx.art-i d pcsitiots- 

inns oxide layer is provided on the exposed sariice of « icg. in which tip ctiwirodc ;c.:!i;odi*) 52 is adapted t-j ba 

pacing electrode adapted so be positioned in eieci ricaily placed in eleoiricalty ntwviiiaiitsg reiatioasbip with ex.- 

stifjuihtiini; a:-d jiatiistig i-sfiaiiooship with the excitable iO citable oarcibc ti.^sui wsihiii a seiecti."j. oaaiiioet «;r 

-nvncarda' -ivi.e»ta pie s.t;ecua wuuidt;^ - <«■ Itxe be^t ^■--■r.-e 15 ^f op t2^. >d j^v.-.i ^t 14 

a, si let ppi ts "! - i i r i" i a. t t 

U> vf, s s d !>- pat uv' fliW kv tstaasjr o> « < i e h'^vw ! >" 

:-v.i-tK i -i -r vtx <f __ta v- He ^fsi'-at' Mirsaca suct^ - A -,oii \"> c e .vtr - ron,.tvt v< „uo v t> .s e leac 

-c ot.wtf j;t-.'' j ( r pix-ii fo p'ovsdi- r^-cssev M .-**ratl* w sntjj»ed >^ >i ^tr>c . I --nuot ^ 'di 

whToh tiie irsdiitxR oxide fsi'm may be c-onfhied to re- op 12 by tasatw of a ;.twt.-ii sleeve 22 crittipwg the ec;! 

move thO'e regions of fctghe-.t current density froca against tfse sieiti. A corkscrew 2$ tivsy bo affixet; trs the 

"''i'he rridiinTS oxide coatei electrode is electrically o<3 attth-t; ftxaiws; of the stimttiatsrsc; dect-oae to the myo- 

connect; ti to a cotidyews ooii within the iriad, whidi v-ardiain aftar th= eiuctrode has been posltif.-ted p-oip- 

v f x r i- ^ o <- ^ k -„v vsr-.^. ( o tst t < 3 tr ~ ^ < i. 

g-rsei-ator and to the detection r:irt:siit. Ths i;s.tt ; ;r ts The ^us'fice of tiie caihcrdit tip : decttode 12 h coated 

r-.- fcli s n is v ^ *»r * sort- n « 1 > i v ^ > n -d hm <, ^ * <r°s o 

-ipiud r ^ ;»e rcfrac^iv >»i:0O Tw p-d^ centra tnr « an A:FOF V ia,di?aJ >rdiu.si OMd. :iW- s ^SROt-\s>r- 

delivers a r-kse so the ho-inif-roastf' the ftfrnwatmp snd tersd iridiai'j o.^.de itlrn). TJROF (thermal irid^m 

, -t J '■^w o j'f . r <. vih^t is Ad< ><f> i a a - ' i-v. . „ > ' ~" 



rtioslar psocess by whiofc the iridiyr 



51 !r pusent :t- jrr:"ti Hv indKJK oy»ie ':yer <7i ■>■ mcljcirg pUvt.ret'Siinc sh's^e 32 a* i^3, atti: iti otce- 
have a thickness <3t" approximately 200 na^t tr^t-is, -x>H ->ref"ns s w „ 3* c~\v. - tf * a> .*.r Ks i<\ , <. - 

thoegh any hyer thickness a^eding about IOC; r.ano- ode sip 12 to .utode 27 having the JrO slices of those 

meters appears to ba saii:>f.:crory to obtaia. the desirable 5 wo etecirodes exposed. 

rssafts. fci or-e smbocihrsait'. the layer fc.id ais exposed Referring aw to FIG. Z, a p&crog :e;;d asseatbiy 3s 

surface ares oi' ;ppTOX:.nat'..-;y sqi-^re rrsUbsttaters. inciv.rles e'eetrrjoe st=sem*iy W at'jK di:: trd and is 

Preferably, tht; Mt'attrti-e IS of tip .52 has 3 primus stir- connected at its proximal and t« appropriate paints of 

face structure, such {hat the iridtam oxide ccjstttsg as- eieetnee! potential oi the coriventusnal circ-aitry. «> 

><«iirs t.le aoev.'ii\- wrt'oui d^e -.id-nee ar>d pro- if. chidm^ the p>ih-' £,erterr,or i-..i,^ed wffhc j rrctaftse 

mores ingrowth if cardiac tissue to fed ace abtasioa of case 3$. The com bine tiers or the circuitry in esse ?8 and 

the adjacent tissue, the pacing iesd axac-ttsbly 35 constitute-, cardiac pnee- 

Stetti 1$ and s-ibsirafe IS may he forrr-ed tntegtaily or maker 40. As shown ;rs FsG. 2. the pacing lead assembly 

vt, , i »i+ <,„ W Nt rv v» ■> j-e f-r-s i (j 35 s < s e tod vst v^sv'S) „t t i >'se~ r ".J 

"Vi'v i i Iv Vd >" vt.) v v it ox'd lo^j^r naJ ..osier :sh.>ai,-*p s im° ^ >o-t n, »j < . > ^ct 

f >?u\< < p < U <J t t ' pv\ a w t j ,5ta v't to eut i e v ' ^ j v ^ 

intc; a tnoit:, cottsprs&sed, ar.ci ihsreafter sintered av a sisamber; in tfiis exampk, tight ver.iricia 43 oi' tl:e 

i<mf euuorc „ic «i csraa suffices- tu \i»s^ j,j pii^ai's i«ta;i 45 Case 28 souses „i pu! t ^a* ra ,->i, . 

tnelEing into a teiaiiveSy paj-ous electricaliy conductive detect ion circiiii, the battevies, srsci inker cotsver.tiotta! 

f.t !- at;iure. 7.0 electronic drwaitry. and triciti(i(;s sa «ectr.caS cc-?;r.ec- 

An a.^iYif-Lt!^- ;■ -e^rjed prc»tt:\s to; rotiTitit? a t<.r triatifsg vnth S. f )e co«necx«r a- ih-r ptiiumjii c;sci citk? 

,h i - s j-ti J rt pr^ Ft Jr->!t t p ^ JO s- b' !" i ri. i " <i"t 

i-i as foilows. Tti-' eiectrc-Je • jp$ are etchscS in ho; iO'^ tti purjje-ai insis:o;i which forms, a su!X'u:&ric-c;>i< pouch 

v»,j; c ai-td C, for srtt! ut^s -hrteafter rnsei tn tr: ih L >:ter*''> c;test, afi.eti.^nr lt xt Cvitott., a\^t:> 

disriijcd water a;;d pSacsd sr. an iridtusst solution with 2S biy. 

tisiy she rip pci-rio;:-, ;.o ?;e coated cmtfsc.-i.od by Ehe The parisg <ead sssscsbiy 35 .sfiow- sn F.1G. 2 may be 

! v i j< i^n i u-n <■ s h c ut ii « ^ij 

g'ar- 'rC -ffl;" i« .0 sss IfCi ivu';.t L ; tne so 1 .:-- Jw m i ;<? oa to ttwar 4 ™n -( - t > ^ ) ru iv«. . -.c- 

iioti io evaporaie ti-e HC! d(^y:i tt; oae-^ttarter vo!.i!yta coated foil being sri;->;i as 'be ajuRie Of course,. i;i itu-ii 

a;;d testottng tise ostgi;sai voSiisne with abs.oiuis ist-pro- ii) ht^aation the atiociic rhtft and associated ^.:Jii .if ti.:t' eis.-;;- 

paaui, the rBsnkmg; solmsfia to be ased tvirttir, " tr". ia trock as^er:;b!y hhowjs m FIG. t wotiid r-oi be prij»«a'. 

days. Foiiowissg a If; hour ^wk hi this Sf;it'.!ksTi, \hs Region 4S jttay incitide a substrate of iridium foil which 

v.sc^ i- <-<c xvtJ^v^ .^ret o \ h i, i .^^o'- ! . V ^ = - 

asid ihets ans;eatat! a; J 20* O. for another hotsr. The ;;;eps the lincoated sicis of the foil shea condisctiveiy borttied 

of soaking, drying and atiijeaJittg ate repealed, ;md tf-e 55 to titanium case 3$. ASternativeiy. region 48 raay coni- 

eiec trades are then st«iesled sgaitt at 320* C. for a ;?es- prise & titanium or irldiurr; batto-j tjsi v-bich at; tr.ditiTt- 

kid of from 1 to 6 iiotui.. oxide layer, preferabiy >iavitis a rMcbsess excecrfimg 

in an cierttp-ary SiTlOF prooss, the electrode :! tsb- 100 nanometers, is formed by rha preferred procc=* 

strate «■..-:)■ be ■■ eh cfistecJ w-.th iridium atide i« a described earlier heteia. 

con veationa! -.itcxie S.F sputieriftg s\ sie;ti. The substrate In operatior. of the pacemaker of FiG . 2, stiKsuiatiag 

.v -»itta h' •■:o'V3 zi.i r 'tit., j".-. t 0 x>>> "te na pi!i t Je i\ ^ti' bv twi-ij^- ' j r..'ot ^ c tb . \ 

contact wish the waier cwsied platform r-f the ; ,putter- eiet:-r.jdu ctiiisii aa eiectna f:ei>.i to be impressed ,>a the 

t \>s v. ^ t ' , '.V^s jM* [Ul K ' 3 USNje it > Is, vi 1 \ ! t i K 

*■< «."■> t. J *■ NJ. t i s M<" 1 H 1(1 'it i N it 

formed wafc ar; isitsiurn target ;tt per-.? oxygea at a." 45 cier.t io reach or exceed the stifiiti-.ifcsoi! threaholt!, cap- 

atttbietsi presort oi'aboatIO tnicrojis for approKiniatdy tare is .ichieved. The itffident transduction of the inci- 

20 iiitmjtes to t>i c-b.:if h'.-.ar. Tiie ?r#sBte i>= then re- i«rt; oxide favor ors i\v: catitod^ i:p results i:< cc-.-'-iderii- 

iai\J ^f'o'- iNt't 'v* ivorjf' tt-id sf si - '„\v :ctvcrstj>-n.ffw' th-^shc 5s arj ecr v J? po"_i 

Q.b to 0.8 wstt per square centimeter. The process « i ; > posed oi' tnstc-tiais hcreiofure utihxed tor such apchea- 

asjiil.Tacd tjsitii sr. trtdiiiJii oxide layer oi* the desired tions. Acyte stir.i Nation tjivesboids as )c-vf a.s apptoxi- 

ihscfc)ies,<. deposited. matt"»v 0 2 \oit hsve been or),cTNV-i a pa. .s;^ evtrs- 

' fr t« - r i >v. c!ec vGv. ivivt 'X s sk^i .1 c ioj < cs in*, St_3 t.'ve'jS es vv.tn r, tir, 

cittiie; art at:oda' ekc.-rodf. 27. pref-srabiy of titav.jsjiii, OAide coa:eb cathodes. 

configured is a ring eitctrtsde assufaiivsly spaced ba- JS A svhrmJatiag p'.tFsf: is delivered sy the pulse getters- 

v - 1-'^ -n s ' di' t^t i.v. o ^ f " nt,iet- r Mrot„h *»uvL i 

iiicunent between the edges of tbetw;; eieetrudes. The iead, ibe cathodic eiectrode. the: anodic electitjde. lii<t 

a«ods. ubo ttuy be Cvtstcc %>.itft a layer of ;ridwir tody tissue and fluid. The events t>ad!«,7 uj. t-;: Ute 

.xh:- it tK jipo^d — j-V . . 'ft t" 1 s^tn^ sart'ci s- oa- iMcuzji depcrtw for ;*)e t -s;ieu. ji tsjve ^r >c.-'-' sker 

thodic electrode tip 12. A seewtd eois .1? of condi:t.-iive 60 bi:t in getieraj the pnfse w of relatively sht:rt dar.ibtjn. 

hetw.it"5 She asode x [ !d a rridt3i ting ; not shown.) it the thfcu&h a sturdier c^itp^/jg cspacitot. The latter *.s 

iarer.doi'thear.ode. Cod 3 J ivpar ! of the fsaa st-semfc-ly, charged tti the process, :;r,d it i.s csatoaiary as actively 

sad isarr.isiaeu viaacot;;;ectovi;-:;jtshow:t)r ; r {j;e prox- « discharge the coupling cspacitot \v;;eii the atbrera-.:-:- 

irttai ersd for cour>ir«>t tise atttsde to a coint of reference tsoneci swittt) is ooersed, bv ciostt:<; a;i«tb::r sv, :tch ttcjt- 

potetsna- :is. the puioe getierato^ Art eleemcaily insaiat- tcaiJ y. a PMOS FE'H to p'rov use :i revere octant, pv.b 



■tnJiook^i twit sUfj;uLtk>>< and throughout ihs acnve 
discharge jtrs-rvai, but thcrefier reee-ves signals repre- 
senting deetricd in 'iV!-,\ -ensed b\ trts up r!e;ifOC;- 
feathoci:;.;. Wish eravsniiofiaJ pacing electrodes, eiec- 
•rods poiartiation tnay result in a -isgenng after-paten- S 
tid fbl'owhig delivery of each pacing puhe. The after- 
potential 313 y continne tor hundreds of tnd.hsecoiids. 
and, if it extwids beyond rhe refractory turfed, ttiay 
easily result in fake deteeiion 35 a cardiac evcrn. Jr. ({> 
cot-trssJ, the low polarization indium oxide coated p&c- ,,J 
big aiUtrodes of (to piesen' t.nvens^n vjrtaaJi> --hrm- 
nale atisr-jOtrtjMi't arret thereby allow sensing of 
evoked potes-itals and othfrr valid cardiac events within 
a relatively short tisie after stixudarsosi, spproxitnatdy , ; 
IS res and co;3s;;;te>;t!Y within the first 100 milliseco-sds. 

RaSVrrxR now to PK IS 3 and 4. eat h of iatse FIGS, 
shows as upper trac? c? a. surfttce SCG, and a fowet 
trace of an attdoc&idiai ECG taken acres;, the the iiidif- 
fcreat electrode and U*e stimulating estftodic electrode. , 0 
The cathode was uisci for stijaaSaiic-n, and for '-crsiing 
.tjhtr the application of sthni-h sad a! aii ether times, 
f he tt.:JCi ra HO 3 wue obttstm.ci ft cm j i-st dug hi 
which a ;ead as^esnbiy with » conventional piatsnutr;- 
iddinr;; xtiffiakitias; electrode was hnpiaLnted. It wiil be 
observed that in the tower trace th« two waveforms ate 
confttssrtgh sisiiiiar, and indeed, appear to ladsca-e cap- 
ture a: both times t ; and t;. Ho<.ve\t:r. tin; surface eiec- 
tro«ram of lbs apx><?r trace clearly indicates a pace vnth 
.■•arV;i: 3 QRS .J ;sme t„ ar.u a P-*sve and QRS com- 30 
pies with ;: pacing pulse at time tj bat at thst point the 
tissue is depolarized so there is no capture. T;i the sartar 
htsttmcc it was the afier-potstfisai on the eiucvode thai 
wa.- ^etec:»c A-tb.yagh the traces of HG 3 vtsuilh 
ailow ;he trained observer ■<> d:s«:!gtiiih bsiween cap- 3S 
rtite ;i;id tioitcaptiiws, =.htt diiitinctiots is noi tsadiiy dfi- 

pie., the ■A.ivsfoTm a; jimu ; in the sower trstx: t>f FiG. 
3 would be detected a.? captusv by a iynieai ievel detec- 

Refcrtring ;tow to FIG- 4, th&se imca. were obsamsd 
frcta test"cc»; its which ik- wtpiati-eci laad .iswutbiy 
was provictad with art iridiits) oxide coated sti-.nilatirig 
dectJOfie. it wi" ha observed here that the io<ver trace _ 
iarficatts sca-captur? at titne n and capiare iftlrfi? t; : 
a«d that ih-i ■: wo ; ;r& cieiiriy esitinguishab-fr sy detection 
cireai'-ry as well. 

It will he: =:pparcr;i frorst th:v foregoing description 
;tj.';t variation-t are po*s.ibie withoat di?p;jri.lag frotn the 
iave;;ti\-e pritscrpie;;, e.g., use In deftbriliatlon. Accord- '"' 
ingiy, thr-. tnvettijoti is to be iircuiee! onty by ihd &p- 
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.ho iri.ditim Cjxi&z coated sttn: 
■a ting foiiow..: the inters.;;' 



100 r 



t thickness e 



; cardiac 



having - : cc-jt-tiag iif iridtutss oxide or. 

.tiijrtsMp Nvish -hi.' heart ^.her: sasd lea. 
is tsipianisd ta 3 patient., to provide io\ 



pus 



f. the e 



irnraedh-ieiy after tiw h'^rt :s pai-ed. ai«J 
electricii oond^tcsor meant, connected to >.!!d alec 
m>de for ejectrieally eouphns said eiectrodc t> 
ti«ecti.')g circaxtry of a cardiac pacemjkar. 



4. The- lead assensbly of cUha i. ■ 
a st-troad eiecttode having an tn< 

on st surface thereof and insula 
the first-naased lUscirode. astd 

said seeoitd sicctrode fcr <?icctr 
second electrode to the circus 
pttcemaker. 

5. A ca-diac pacemaker for stiimtiairaa atstt sensing 
:isctrical activity of a human heart, coatpri;;;ng 

.i pisiat: generator mssisss, 
a dtitectioa circuit sasat-s, 

(Beans for sappiytng deetned power to said pui.-.e 
gsnerator means and salt- detection circuii tneans, 

aVdei t-, ie -seans ^ v <-t i.v'iw 
avdtf to eiectJ-ic-dis i;iteract Willi sxcitabie cardiic 
assue of said heart \vtjf?;i a wmciatittg puis: is at- 
phtii tnerefo Sir rapid recovery ftor". after- 

tSte jiim^-latiiig palse to s.'".ahle asasatg of thsr poten- 
tiai evokctd asti verification of ca-stuve of the h::.;rt 
by said ssitnuladng paiss, and 
a ctJBdtictov means having a dtstfii end and a praxirr;;ji 
e-sd. said distal end electrically conoetried to r«hi 
electrode rtieaiis and said pro.isriis.1 end eicctficaiiy 
cotsnectisi i.0 said paif-e gsnerstor means and said 
detection citcyit njeans, for applying :;;iratjhiti.ng 
piiises iryrrf said generator rasat-s to said eicsriroee 

said dectrode ra^aits to saUl detsctior; circuit 

<S, Trie oard-af: pj^atcakftr of claiss S. further tncitsd- 

jettictiott circuit means, und power supply triea;;:-, and 
as ;udiffere.;it eiectrotie vomits aifsswi to said c&e asid 
tiaving a snrfac;: iiiyer of tvidsHSi wide ths recti, 
said indifiereti- electrode meaas connected to a 
poir-t of "cferc-rice potential of said po%v:?> supply 

trssa-is for unipolar stirn&ladofi oi tiie heart 
?. A method Of artificials v pacing tt hst:rt and d=iect- 
r.g car>tu*e 'iu'v.'i, '-Cir'pr^'t.e ^cps >n 
iisirodBciag art electrode having art irldiam oxide 

surface layer rhereor; into cardiac tissue stiaiiiiating 

reititiotrship with the heart, 
^•-r-ss.«j. e»ect.t»i ^i^jal ^i »a.d eet-.ue i' < 

rate within the range jtskctcc to provictc the 

detecting the eiecttncai activity of the heart sensed at 
the- sari.ii.. of tn^Uao 'Md= la^cr v, -X.t es- 
ttjati KXj srsiiiSseconds after stitsiaia.'? to deterrrhn-.: 
whether the fsesrt is captured by said stimulus. 

8 tr. v*tK>u a.t-jr tins, t - ^ icr 7 "» e < 

said electrodis is s-iLriXiitced trarif.ve;xi-i::iy tilt:; a se- 
lected chamber ot the tjeaa ;.o pojitic-t; said eiec- 
trode with said irict-ua oxide isyer in cardiac tisstse 
siiTTSuhsti.ng reiatiouihip with the endoc.irdlam of 
said chrsmber. 

9. An itripUmtah!:: k^d asseatbly tor >iieetr.cai cots- 
^jation WW art electrical ener^v prtjcessirsg tneasw 
tnd the ri-yocardinr;; of a hctrsan heart, naid lead 
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jus. fc-r senv-rsa wbc;her She heart Is c.in:i;r: : d bv wr-texi pcijcntial ihe.-ebetwseis. 

.^..u - ■-- iridwm o«d; ccjatisg has 3 Jiucfci) 

aniTjrfi^«x^eco3imgonai:::::Stjporti^iiofthc iC ***** 
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(5?j ABSTRACT 
A pacing lead having a porous dcotfOiie of pisHTHitt:- 
sriiiiun?. wrsh recessed areas groov«, formed info rbe 
surface The groove? allow for acme eieotrode siabiiiia- 
tran as a rssuk of cio? fcrsiafion and ersdaeardiai 
canwe during tnssrsion and Kcasedlate irnffiobiliKssso;; 
sjjxsr: Li?! plant. At least sisie Saver of s porcsas coaling o; 
20-200 ralcrcn diaiacte'- sphsncai parades arc depos- 
itee! on the .surface of fhe fcase elearods to obtain a 
porous macrc;f.fnj!.-i:jra for prome-smg chronic fissaa 
ingrowth Addirlorudiy. a mu: restructure surface c.oi!- 

er};a.;K.e siecincai cffic;eij'.-v bv Ic-wer^g eiec-r;>c<s^ : - 
c.i: polarisation and isci ?.,«:r:g eiecir.cai capawraace. 

24 Claims. 4 Drswfeg Sheet-- 
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shape and size of the electrode tip ami is generally in- 
versely related to the radius of the electrode tip. 

The ifiost significant frequency components of 8 sig- 
nal to be sensed, i.e., the vc-rr.ricyiar QRS, are ia the 
5 bandwidth of 3&-10Q Hz. In this region, fee interfiles 
impedance of fee sensed signal baxsmsr&e most sigrtif- 
scant. The mterfase kjpedanee is det«ras»e& in large 
pm by the raicrosatface wea of the electrode lip 
^ develops wrthlr. & few ssksoas of the surface. As de- 
10 sc^&ed herefc, the aferosarface arcs of a potwss elec- 
trode tip 5s tfe wettabie. surface, area which includes alt 
of the exposed and intmtitisl porosity surfaces of the 
electrode tip. 

!S As a final design consideration, <■ has been deter- 
miiied that the pacing or stimulation threshold is a re- 
flection of fee electrical energy rec-inlrsd for « palse to 
initiate a cardiac det^tei&trion. The stimuM lots ttsrssh- 
old tynicaily-risesfor a period of * few ^edts sfter the 

ii*W* -Jells of She endoearfiein. The etectrede *» ™™* *> ihe s ^ ffi 8 ta « e.ectrofte fte 

■er> s ; surtax i«tL-is, aim ^tape. -he rod* i «t., « "Hw increase ^eur^due ^ the develop- 

- e*e=troUie wa, ^ ^ i 4 -* dsst^ce MSWKat.ig. foeti. . • a ■Jb.o^ espn-ie around -he ^ecix-. e tsp *fce 
:he electrons and £he excitable tissue, combine to deter- thickness of she fibrous aspiuie is generally decadent 
.entaker. Accord- 2J upon the mechanical charaeteristki of the data] end ai 



background or- the invention 

This isYcslsos relates generally to an implantable 
paetr-g iead and store specifically to * pacing lead hav- 
ing s high eiTSeieecy tissue stimulating and signal sens- 
ing porous electrode for isse with a cardiac paccaiaker 
and a method for snaking She porous electrode. 

For s cardiac pacersnsker, rap sard lifetime is deter- 
mined by the esergy delivered per pulse. The pace- 
maker win have a longer life if the energy delivered per 
pulse is nmmt&zrt si. a miatetitn ASscrBat;%e5v, the 
energy csn be. used to provide for ciore features lis 
the pscerriaker. The desigr- of ss implsaiabic pacing 
iead which is t*sed wtlh ihe ^acerrijsker is irsfiiiesced by 
the opthaissi iignsl fcr pacing sttmclation. Physioiogi- 
caily. a sa;^iai- jjaceaiaker mast be capafcie. of generat- 
ing s sigTjai 
the ' " 



ft energy required t?f the 



wiih regard »o 
jacmg lead'?. eisctroKe are: 
eria: as;d shape; she frution 
\ and rhs endocardial usiue 



htssiv. ihs rx 
ifce deslKti of i!r.r 

of the esecirodi t< ^ 

ibe aL e - i«.f)^r< ' e H i ». » d' e Ri-tJ " 
impedaace t-J r-achsg paises The pacerrjake:; lead's e.iec- 
trdit tntisi be cspacie cf dehvenng a paciag pu'ise. with 
a nii-se widrh gsseraJIy in the range of 0.0 --2.0 iciLisef- iS 
rtr.ds ,:Pd t>.5 to 10.0 voiis to the tissue, and to .\!sc sense 
ar.c: irajwrni; s QRS vp-.ni arjSiB? in the atria and wntn- 
cS» ihs heart io the pacesnai-c: csreihtry. GeneraJsy. 
the e:».-tro<2e-e-ec::roiy!« syste-s ijapedasce is higher 
for scasing ifcwj f:;r psctsg. Pacing leads for pacing arid 40 
scr.sing :n ti;e atn^ssi. whii;h titsn exhibit difieren: stitsic- 
las ^ i-W t»etv «i^t-^.t parjrae'«n> Uia- iV 



y be aBdersiood h 
' assiieadingri 



:S Qf S 



e com pofies.it 

The (.-.tsrface wa-.roea 
of She serface of she srlectsoce. 1 ite snrssdtng resistance 
eorsjponeat c-epeads psedotrsitsantiy on the tissue resis- 
tivity. Genets.!;;-, !f> former rejects the charge transfer J 
charac-terisiies cf !he riectrode-ifcssae imerface iafiti- 
ci;c.ed rnosiiy by the surface area and snsteriai ff the 
ciectrtde, and the istler rtfiecii the ovcralS size and 
shape of the ciecirode; the surface naisf e of e!ectr;)de; 
ar-.ci the tesiSiivity of the -issue. 5 

H;e current drain of a paoeraaiLet h deiensiised by 
the imperfjusce af the rr-aoeinaier circuitry, the aafare of 
the eieotrt^e iesd resistance, and the charaewsrwdes of 
she electrode t-.p smerface with the electrolyte systetn. 
For a gi\er. t^maker crcoit arso eiertr-'xte lead de i 
sijra, ihc oisrreat drain is v-ell deii»ed. Thus, the nature 
of the e!scirodtf^tsaoca J -rjiai rissus interface detetmiaes 
the fjversl? current requirements of the syst«». 

As sb addifens! design fsctr-r. the most sic,n;f;cani 
frequency {if the p&e.irsg pidse is ot- the orOsr cf 5 Klfe. : 
At th.i.~ i>ec:i;e.-cy. the interface isnpecUace is stnail and 

sai. st jf :hc -stf^i&n y tt. the p <*tji ruises '5 dt t <; ;o ibv 

-biiii: or stireadhjg isawtdarsw This a determined by the 



the iead (i.e.. stiff or fiesible). ths geometry of the else- 
trode tip; 2nd the mierostruetore of the electrode tip. 
sacb as a porouSi elfctwode satfaee sa<S the plscttode 
ttisteria: itwlf, in this regard, the enviro^tnest of the 
etidocardium mssiit be considered. Specifically, the con- 
Stan! beating of the hears car. taso«r the eieotrode to 
pc-.unri and rub agaists; the eadocardiasi. causing irrita- 
tioji arid a sipiificarsi labsequesit uifiajarriatory re- 
sponse, which ultimately resalts in healirsg. stid the 
development of a fihrotic tissue capsule about ihff elec- 
trode tip. Also, a rough surface imcrossrcctsire or occ 
with sharr protrusions for the electrode will lend to be 
abrasive ot traumar.c- on the abusing scan cells. als>c 
causing irriiatioti, which also tends -o cause the devoi- 
opsnent of a thicker fibtotic capsule. 

in view of the above characteristics a( sn eieotrode 
an>; r- 'mp'snt jlc >!>' «mi« for . ^rdi&c «deeu.^ei, t j* 
t-Jeai- that an electrode tip with a sreail geoatatnc sur- 
face area (sesakir.g in highsr pacing itn-jedance) will 
have a low current drain. However, in order to enhaoetr 
SMMiing. the same eier.-n-.«e hp should h*«f«r a Jarge au- 
crosurface area xsxg be of such a n&iersai so r«uh. ia a 
iov p.Maf.^. ~sO" kjo hjjjb o*Ta<-itaaoe viincls. sn 
results in a low sesjsiog irrspedaace and unproved sens- 
ing. A cardiac pacemaker siectrode tip tha- is ctsn- 
ssructed to be porous ii therefore preferred in order 10 
bess satisfy these retirements. 

fn » paoemaker electrode, rriimatal tissue rescdon is 
desired around the tip, bm firm intimate attactimetit of 
the electrode to the tissue is essential to mimrnhte any 
fiectN^e :rsi:vrneiii -e.atsve to the shu^tr.j tissne A 
poro'js eiectrode tip *"hb ntacro tissue entrapping ssrae- 
iure allows rapid hbroij;- tissue growth into a hollow- 
area or- cavities ia the electrode tip to facilitate and 
enhance atuchmerst of the cieetrtsde to the heart A 
reduced i«id disiodgeoicnt i-atc- is ais-.J expected a;, a 
result of iue.b tissue Lagsowth. A fort he? aspeot of it 
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SUMMARY OF THE INVENTION 



The pseisg t. 



p electrode of -he preferred etnbodi- 
sat irsverioofi is a five square rtiiBisneler 
C90<%/10%) porous electrode with 
r slots ii! ihs shape oi' a cross formed 
s.ito the surface. The grooves allow for acute siecrrode 
SEsbiiiaslitSB iiss-HS ingrowth as a result of naturally 
oocarrirsg dot formation faring ir-sertion and helps 
result is3 ssmsediate tramobi&tition of ih?. electrode 
ttpon implant, A porous coating of 1Q-BC i-ticros diame- 
ter spherics! plsti-iiKs-aidlum {9Q%/1Q%} particles are 
deposited or: the .surface of the base electrode to obtain 
s poroiis sEacrostnjctare far chronic tissue ingrowth 
ami also for extending, the active surface srea, Prefera- 
bly, the particles are deposited in a two-step process 
where the first layer of panicles is made up of 40 to Sti 
micron s^herwdai particles. The second layer » made 
op of 20 to 40 trocros; spheroids.: particles. The result Is 
a clumping of the particles producing a aniforraiy test- 
tared sttrtace with randomised partfde aJtachrnstst. 
Chronic tissue ingrowth into this cfitarped, porous raac- 
rcstructure cr>harices the electrode si&bihr.aSion. Addi- 
tionally, a micrestructurc surface coating is applies or> 
these particles to increase the active surface area and 
enhance e-ecirieal efficiency by lowering polarfeatiori 
and increasing electrscai capacitance. The rnacrcitrsc- 
t-j;e is preferably crested bj. ! -i3tertnj! ti-e pfaiinum- 
iridiatss particles to she piaun-jai-iridiurn electrode Up. 
The rnicrcsiruc-ure ccsstirig is preferably created by 
reactive spattering of titanium nitride onto the. plati- 
nuni-iridiuta particles. 

DESCRIPTION OF THE DRAWINGS 
FIG S shows « side pi&a view of a pacing lead sc- 



FiG. 2 ihows. a cress-sectional view of the distal tip 
of the electrode oi the lead tfaoNu in FIG. i. 

FIG. 3 shows a« enlarged perspective view of the 
distal tip of the electrode of ihs lead disown in FIG. 1. 

FIG, 4 shows sr. electron microscope photograph of 
the distal tip of FIG. 3. jaiagnified by a factor of 50- 

F1G. 5 shows at: electron tthcfosoope photograph of 
the <feu] up of ftC. 3. magnified by 'a factor of 500 

FK1. $ shows an electron Microscope photograph of 
the dl«taJ dp of FIG. 3, magnified by a factor 8008 

FIG. "? illustrates a graphical depiction of the pacing 
threshold perfsrmaace of an electrode constructed ac- 
cording to the present invention. 

FIG. § graphically depicts the improved cardiac 
signal sensing far the electrode of die present invenfcsn. 

FIG. ft is s cross -sectional view of an alternative 
eon.fi gur at; on fot the distal tip of FIG 3 

FIG. 50 is a plan view of the alternative tip configura- 
tion of FIG. <i- 

FIG. it is a ero&s-seetion.-ii view of a second alterna- 
tive ctJiifigoratior; for the distal tip of FIG. 1. 

FIG. %% is a plan view of the ahetoauve tip conflguta- 
•ioti of FIG. 35. 

FIG. 13 is a crc*v«f«\oi»l vit* of an .--iiemative 
co«sf5g».'8«oa for the dtstei tip of FIGS, 2 -3 or S-U 

FiGS. 14 arid 15 schersisiica-jy depict top and .vide 
views rcsfwctivdy of the tnioropoross. snrface strac- 



FIG. i shows a side plaae view of a pacing lead 20 

S iccordhig 10 the present inveaiioti. The lead 20 is pro- 
vided with an ftiongated lead body 22 which includes 
electrical conductors ftait shown} covered witjj as «sst:- 
iaiioc sheatii 34. The bsui&tioti sheath is preferably 
fabricated of silicone rohher, polyurethaae or ether 

Si) suitable hiocosspaabie, hiostabie poiymer. At & proxi- 
saal ead 26 of the pacing State 20 is a coft-tiector assembly 
38, which h provided with sealing rifigs 36 snd which 
carries at least one electrical ooiit-ector pin 32, and may 
also. The carry as anode terminal riag elactrical cos- 

15 OECtar 33, The oonitecicr assembly 28 » constructed 
usisg Joiown tec!tmcue& and is preferabiy fabricated of 
silicone rebhef, polyiirethane or other ssdtsbie poiysiier 
for iasuiating. Coasector pin (or pins fot bipoiar or 
THultipolar leads) 32 and connector 33 are preferably 

30 fabricated of stair-jess, sted or other suitable coa<f active 
material. 

At is distal end 34 of the pacing lead 20 is s& eiecarodo 
BisemWy 3& which a> discussed ifi caore detsil below. 
UiiiTjedtateiy behiad the distal end of the electrode sts- 
iS setnhK- 36 is a tine sheitth 38 which iisohxies a- plwaiity 
of tr-divjdaai ficsibie ones 40. Tines 4ft engage eadoc&r- 
tiisl tissste arid yrge the. rfeotrode asseitihiy 3>§ into 
contact witii the endocardium, hi a direction psr&Uei to 
the axis of the electrode asterably 36. Thies 4ti are. more 
3C ft-iiy described \n U.S. Pat. No. 3.902.501. issued to 
Citrtjji st al„ incorporated herein by reference, A ftstt- 
tion or i-sad aaohoriag sleeve 42. slidabiy Bioanted 
afoy-td lead ftody ^2. serves to stabilize the pacing iesd 
2fi at the site of venous insertion by rrseajiS of suiare. ties 
35 abou! d^ iieeve and underlying fascia. 

The eiectrode assembly H of FIG I is shown its 
greater cross-sectional detail it) FIG. 2. As illustrated, 
the electrode itsserribly 36 includes a conductive elec- 
trode SO y.eii as the tine sheath 38 and the tates 40 
«j iheteof The conductive eiectroxie 50 is preferafciy a 
unitary c.arts-ntction ii-ciuding, ai it.s proxiiDai end, s 
cyliadricai portion S2 definhig an sjiiai bore 54. A oil- 
wound cocdiietor 56 of the iesd body 22 of FiG 1 is 
inserted irito the axial bore 54 artd sfTtsed in electrical 
-IS coatact thereto, for exaraple, by Kiechsstcii crisping 
or welciiog. Proceeding toward ;he dis-ai est; of -he 
conductive electrode 56, the conductive electrode 50 
isclitdcs a necii area 5S having a reduced diameter xrorri 
the cylinder 52 which provides a recessed area into 
SB which an interior extending ridge of the ace sheath 3$ 
is inserted to provide positive engagement of the tine 
sheath 38 with the conductive eiectrode 5il. Finally, the 
e electrode 58 tertians tes at an eticirocte dis- 



tal tip 60, 

Si A.5 iilsistrated in FiG. 2, the electrode, distal tip S6 has 
a generrdiy rrsushroots shape, such thai the eiectrode 
distal tip SiJ has a semi'heniispherical surfsce whiuh is 
intended to provide electrics] corsract wsis the esclocar ■ 
dial tissue, li should be appreciated tltat the. electrode 

60 distal tip 60 saay defme a ritirober of differersi profiies, 
frc-ts scnai-hernisphe-ricrJ to essentially planar with 
roaadtd edges. As illustrated in FIG 2 and saore specif- 
ically in FIG.' 3, the electrode distal tip <5B preferabiy 
inchides at least oae and preferabiy two or more re- 

65 cessed areas or grooves 62. The recessed areas or 
grooves 62 define generally pie-shaped segtnenw showa 
in FiG. 3. These pie-shaped segments of the electrode 
distal tip 60 will he generally defined 3s the plateaus 64 
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withir> the specific; ioss. although it a recogrdzcd thai of riie spheroidal particles are. applied tci t;;e base eie-r.- 

ihe plateaus mat be scssi-fcecuspheriiMi m shape, or t?odc The first poai<»$ preferred to be of pat boles is; 

«tiih'.e other configurations, the range of '*0-?0 niicrc'-sss and the second coating 

As discussed above irj the background of the tr-vcr,- 2iV40 microns 

f\, "t v - pot cos" struc^e .0 the v,xe vjsif mi ? Upon affixation to the electrode distal tip t*. the 

porosity. r>f ih* electrode distal tip 66 is of particular geaera'Jv spheroidal parridsi 70 t*-J] crests s plurality 

snpofiAficett* the f^nctiisaisg fifths pacing lead 30, ftnd of pore sites ard iattjsfttsal porosity for chrens; in- 

the cardiac paossiaser $>$tej»- The grooves 52 provide growth of nsiue. Preferably, by affixation of the «:ha- 

s Tacajw for eapStatag blood born celis. daring ucpi&at of roidal particles 70 having the preferred n.z«. and distrv 

•he. pacing lead. Specifically, the recessed areas or iO buiion of sue, die inters'itiai rxirov.t} denned by the 

grooves, 65 its the electrode dKu; v.? SO as ilissimed asa-tjple layers, of spheroidal parades 70 will have sa.v 

herein, provide a capture site for Mood cells &ssd els- sagev-'sy dimersiaaiK which aikjw the pawage of ted 

stents thereat. socSadiiJg platelets, throasbiii; red blood blood cells <,iypi-.-.aIly having s. sis-taictan (0 QE>& tiitr-l 

celis. and other elements, and the astiahoB of the forma- disraeier} arid other biooc borne elements By ailtwtsg 

«oe of blood clotting upo-j issmioti of the electrode is £fcl . ; n jg; & tioR of red blood celis asad other blood carried 

asscfiibiy 3* trtto the vein of the recipier.i As the lead safesfUaoes through the interstitial porosity, the events, 

body 22 of the pacing lead 2S is fee into the vein of the resoHiss in ehrcjsL tissue ingrowth ate initiated 

recipient, sad the eieotrode asttiffibly 36 priweeds t<> the rr , c ^hcroidal particles 79 preferably have & geasr- 

heart. the platelets, iSxowsftia, red bh>.x! cells, and other ^ y ma00l y, SiJ . r f'ace is nrder to miatrsize the amount of 

blood bora? elements which are captured within the 20 j^r^^ of the endocardial tissue cauwd by the siec- 

retttsed areas or grooves 62 begin to form s tfcromboMS lfwk d . ataj ' Up w dslfme thf ^jjnwus bea'tirt? 

or Wood dot. Thii blood dot. apos ecanct wnn she hcM{- 5b ^dltscin tu vtovuimg •ntareuiisl porosiiy tor 

«5d'-^d«i tm«e. helps aswrt ifi affi«»g tfie eteuote tis .. ue }BgTOWthi ths affixansn of the schericsl particles 



o endocitrdisl 



■i of the 



" the e!ectr«ie distal lip 6$ Generaliy. by a 
spheroidal psr-icles. 70, tf;e 



soft, asoidabie endocardial tissue tti also mist ta uaiRC> aiitaJ tio <0 « MK.-«ased by « much as a factor of 

diateiv s,t6ssiaai? the electrotse tip. tfj , weri *.., t ; m „ 

I , ,c ^.t,,' p-^d A*, the jjrx .» « * ^ re -i vrfv pj-j^^ -f fhf spb-rs^ rar.^w, W -o 

sh^lr;w. w.U csptare cnougj: ptatslcis, red o.ooc. ceU, ,0 ^ ^- «,» 60. the electrode disu.1 tip 60 

and other aad .r.d-.cardia! ^ dunas the Mrtk l« 70 B « treats mtH 4 s.rfee 



meal surface s 



» « . « s c-r, .Mi. tw n t , tro _ m ^ ^ ( ^ ^ ^ e . !C , f {e „ , 
degree of eieotfooheniical t>alariKalloT! sad mere 

- • - * ' fcarodf! distal t 

syMetri. Prefer*! 
il such as titaaims nitride is m 



tip 68 hjv.fi,: ?. diameter i-fbewet:^ r-ie and fot:r .-niiij ^ ^ ' 

„ \ ^ t % ' ^ * ^ V U \ i^ Rl « 1 ut n , c^r, ^ « r«.- 

« < ? L'.irre er *~> , ^ . i c^t*^ .Sv.t n , ^J^l tht t 

a" - t 0 tr, »: - e.e^ d ^re'e-.-h ^f-« J' "if ^ ' ' ^ ^ ow /-tupwpf V $ 1»V *"*<■- *™ ?\n v 

m.fKa le Jjisac cat-a*^ . ^ouilnd A% taav be aptsvsciau'd frfm ofcwvitsy FIG 

,J I^S^l ^^1^ e^;^ «* «rface coating f,^h.er i,cre^ the ^e 

^eeieoi^ed^^^^the^ Stl^TS^^^7u^r^ 

S^^Xer^^70^X ^ « ? * U>.uld ^ h, ^ that th, s^ce 

show ia FIG. 4 arid is FIG. 5 in neater deUiL r^sttve.y searp eog« tocicoa, does ^: r«,^ b* 

?,efmWv. the conductive ^kv.tume SO is made of a smtauoa to tse enfl<«arctol trssue oecause ihet reiatsve 

-^c -it ^3 HP-i 5" l«f rrtemt e- -08 ^5 si ? e of crysta me s^^oie ot th e ^r ace ^a,r 5 | , 

^ r ^^..j, 4 ^ ftasaw. *w i oi '•il^i u'< S!if e tU. ■»>-^-soeb b~ e 

vi^in^:^ ^ Midiisra bv'weigivt The geaerslly o&rdi'.-.vascuLsr tis.?>je amS t? 

sphejK*! particies 70 are preferably ptftiiriisjrvsntuum eostin? %s.j2 oousaot tie . 

(90^,'IOOH' paxisclct hiviTJii a generally sreooib, sur- approMraate diitaetcr o. s>: 
ik,ed spheroid^ shupe. It sfao«5d be r«cog»a«d how- «C The surface coatmg » deposited » ? n^aner sue 

e— '4= the -ieotrfflie ajid the oarticles any be nude that the tbJclraevses of th« snrtace coatm? sascaet* •< 

^ other >:aitaWe uatetiali. sut:b as tHamam. The diame- the spherical parad*. ?6 hi a range oj betweec one t« 

0 r <he schericsl ^articles "0 should be in the range Ou«y Bacrons Wb.ik utamaa nitnae » tne pteietrw 

of bct^eea leous Kt'aad 2»> microns <00i wtn In 0.20 s,urface ooathic; materia;, outer sanabie BOsateUwf 

^fi f'te^r-1, »e jr> he " net^ee" . s o' coatu.-s; i-.tei,^ a> f .v e^a^-'- cs'^k "J 

SO microfis -0.02 mra to 0.0* BJitsj. Addiiit-tiahv. H s> owde t arid >it.m;iim £)wds, am) pmtniias os.iaerf:ay 

lutt t*- a't e-ti^ . v. ^ti" b- e-p Jt" lO' St" '^-v. 

of vr« span-ii-.? :hk ran ? e "Prefereartaiiv. two coasasirs tip 60 ft»U t y*ins iiTi^ation of the spheric*! r^t.ic!- 7t 



FIG. 7 is & graph depicting the generalized pacing 
threshold perfonaaf.ee of as) electrode constructed ac- 
cording ic tiie present invention Is FIG. 7. the pacing 
threshold energy ic snicrosoules is depicted or. the Y- 
a.*is as a function of tints, in weeks, along she X-axis, for 
two exemplary lead designs of the prior an and the Sead 
50 according to the present invention. Irs the graph, the 
average energy threshold is based upon voltage thresh- 
olds &t various puise dst sties and assumes pacing Impe- 
dance remains generally constant. As depicted, the 
tacr esse in the average energy requirement wiihit- the 
four to six -weeks following hnpsant is substantia! for She 
pacing leads of the prior art. By comparison, the lead 20 
of the present invention exhibits vtmsaSSy so threshold 
increase, sad rtfsjss&s relatively lev-; a : a lower average 
energy than eiQxs of the prior an leads. As may be 
appreciated, ibis will resnit in an increased threshold 
safety margin and/or a stibstantial increase ii; the useful 
life of the pacemaker system, given a fixed battery ca- 
pacity since the requited energy to stimulate the heart is 

FIG. $ graphically depicts the improved csrdiac 
signal sensing capability of the electrode design of the 
present invention. Its FIG. $ the cardiac signal atspii- 
ittde its rallhvolss tb depicted or: the Y-axis :« a futteffoss 
05" time (is; v> --ficL's) on the X-axis, for the lead of she 
present is vendors and 3 feed according so She prior an. 
As depicted, the lead if list: prewt invention maintains 
i relatively ussifcrts high level for the cardiac signai 
jstnpiiiade. as compared so the prior lead which has both 
& ScVst iiiitsai level and a redactjots over the course of 
the firs; two so thres weeks. The primary difference 
reduced as a re-uii of She significantly reduced polariza- 
tion of the lead of the present invention, a* discussed itf 

** FIGs' 9 and IS- show a cross-sectional view and a top 
view of as alternative embodiment of an electrode, distal 
dp electrode so lot the electrode assembly 3* of FIG. i. 
En FIGS- 9. 10, the eiectrods distal tip $0 aidudes a 
plurality of generally parallel grooves $2 defining there- 
■x-tveea ^etie-ai > j-rp pVeaj StCtsoni S4. lr; 

ths embodiment shewn isi FIG. 9, three grooves 83 are 
hlttsiraied. however, it should be understood that a 
hisiitec fturaber of addiiiona; grooves may be hicorpo- 
ratsd. The number of list groovy S2 is limited by the 
size of the grooves, appropriate for the capfuse of plate- 
lets, red biood cells, and other blood eiemems and tissue 
described above, ; : rsd the dianafier of the eiectrode 
distal sip H3. In the preferred eosdigfiviition, the diame- 
ter of d;e eicctrodff distal rip SO will be m the range of 
betveci! one. to four Hsilhrneiers. Prei'erably, the difltRe- 
i^-r of the eSecttode distal tip W is approxinsately two 
EassSittistcix. 

FIGS. U and 5.2 show a efoss-swtsr-s&l view and a 
top plan vie 1 *- respactiveiy of a Kcond altemattve ens- 
bodimeat of an eiectrode distal tip 96 for the electrode 
assesabsy 36 of FIG. 1. The erabodicject of FIGS. U 
astd 12 tiiOlt:d« a plurality of intcrsecrjig grooves 
which dsfine theref*etweesi genctaliy square shaped 
plateays ^4. Aitertsstivdy the pi^teaus taay be roiusd hi 
shape as shown by rotMid plateau 95. As above. She 
g;oo\!f. 92 are JjmiJtsioned so as to allow capture of 
"piateiets, ret; blcwd celii, ar.d other biood ah 



both site surfaces of the plateaus S4 atsd the base 9S of 
She grooves 92 define setrh-hcraispherieai surfaces. Tl»s 
serni-hetnisphsncaf base ssaface i%infigv:ration can also 
be incorporated into she designs illt-strated ic. FIGS. 2 
J sad 3, as well as in the. design of FIGS, 9 astd 16 

At! additional alterative design configuration which 
may be istcorporated itito my of the titree etnbodiaietits 
ilinstrater! in FIGS. 2 and 3. S and 10, or H sad t2, is 
illustrated ic. FIG. 13. hi FIG. 13, the b&ie of the 
10 grooves, 102 is illustrated as either having a Rat surface 
J94 ot & concaved tatter surface 106. Thus, Li any of the 
eiectrode dissai tip oonfigitratioriS of the present inven- 
tioti, si is coHtemplated that. r.he base of the groove or 
grooves may defee a concave bss* sttrfaoe, a flat base 
SS surface or a semi-hesjiisphirical base sarfjsce profile. 
AddiiicittaUy, while it las becrt illustrates » the %- 
ores thai the walls 10S fFlG. 13) defining the grooves- of 
She cnibodirnents are iUnsttsted as h&vljig gencrsii.y fiat 
sisrfaces which parallel the axis «F the distal tip, it may 
20 be appreciated thai the -a alls of the grooves may he 
generally angied with respect to She axis of the distal 
tip. in addsttcir:, the ctsmsrs at the base stsd the peaiis of 
the grooves for any of 30 the above described embodi- 
ments may be r ads used to s radiu.v of curvature of be-- 
25 ivwsc about 0.001 .aim and 0.5 mm, as opp«.ed to hav- 
ing sharp edgss. The grocjves of any of fee abc^ve ent- 
bodutsests may be sorsned by arsy of sh# tnethods se- 
lected from She group ladudiag starapisg. miihng.. 
rttoldbig attd eiectrcwhemical macfclning. The gcrsephy 
30 spherical particles which are applied to the surfaces 
of the ekctrcide dtstai up SO as discussed above with 
respect to FIG. 1 ate also applied to the slteraattve 
erabodiiaents of FIGS. $ through 13. as is the litan^rn. 
nitride of aitsrttauve surface coating s.reatrr : eBt. Toe 
.5i sphsricai particles 70 are preferably attached to the 
surfaces of the eieott ode distal tip by a process selsstted 
front the group of processes including slstersig, laser 
fusion or welding, injection and inokhng casting. An 
exar-p\ orr sjv.h atii.lt.ea pro^ev 
40 sir,tcriiig, wheteisi a ff aetjonai percetsuge of the sphert- 



steps. 



ounr ; g inisrt: 



;3 31) ic to the patient. !n adds- 



a iiiasttatsd in FIG. 11. She grooves 92 are cs:i 
into She electrode distal rip 90 such that a base % of the 
grooves, when viewed is; cross-sec «c», defines a sersi- 
hemispbericsl inner surface, 'fhas, in FIGS. 11 and 12, 



Fasaliy- ibe surface c jartng of tttaitiusts niirids or 
alteraauvc material, is spphsd i-; the spherics! p;sr;.ic.l<s 
45 70 oi'tfce electrode distal tips 60 ot any of thi! alternative 
erabodiaserits of FIGS. 9 through 13 by a process se- 
lected from the group incliiding sintering it; an appro- 
priate enviro.nirie;it. vapor depositioa. electroplating 
asd sptittjesitig. 
SG The surface coating & tllostrated in FIGS. $4 sod 35 
which schematically depict top sttid side view* respec- 
tively of the taicroporout, surfatT aructurs. FIG. 1* 
illustrates the geaetsIJy pyrarrjid-iike shape of the ;m- 
croporous coating. Xss }'XG. 15, a side or profile view of 
55 the microporous stirface c-oatlng iihotitrates the friangL'- 
5a.r peals of the costing, and more importa-stly the areas 
between the peaks of the costing which provides high 
surface porosity. With the foregoing construction., in- 
corpofathtg the nitoroporou;; surface coatirsg, the sor- 
6Q face porosity or aucroporcsssy h in excess of fifty per- 
cent (50%), assd preferably tr. the range of fce'/wacn 
sixty-five percent (65%) and seventy percens (70%) 
A pacing lead having sc eiectrode tip cotiftgnred in 
oordan&s with the foregoing Oeuiiied description 
hibis.s superior pacing perforrttance. The primary 
ason for the superior peaormance is the redncttoe in 
ilarizatiOB proximate the electrode tip. The "pokrtz*- 
in voiiage" for ti pacing lead ss herein defined to be 
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the vohage differential dev g ;or;ed between the leading an eieetriui! connector coupled so iaid tirosirfiai end 

edge and the treading edge ot a reference dectticil ira- of said conductor; ami 

pulse. The reference eiectticai impulse is a 5G rrsA t't&ilh- an electrode coupled to said distal end o! said conduc- 

arnpereX one si- hsecossd. sotiare ssave coolant tur- tor, s&id electrode hsviag art electrode tin georne- 

rent pulse from a pulse generator The polarization * try macfrKtriietijre defining at teast two plateau 

voltage {Pvs for a psrtictiiar pacing lead ;s deleriarfsed sections separatee by at Seas! ops recused groove 

by subtracting the leading edge voltage (VI) from the section, said plateau sections and said recessed 

trailing edge voltage (V2> of ihs reference electrical grwve section htctudittg surfaces having affixed 

isspulie (Fv ~{V2- -VI), Daring measurement of the thereto at Seas; one layer «f generally spheroidal 

polari-iaticn voUs$e. the sectfesir is inisiter^ it: &0.15 so conductive pariicUs, said spheroidal particles 

rro!a<- sfXUu.ni chic-ride {NsC!} solution, at a pH of ". eriated with a layer ofnortrrietalho rrjaieriai selected 

arid icrxsperaiure of 3V C. from tfcs group consisting of trtaiiitnri nitride, irid- 

As may be appreciated by those skilled in the art, tie iuxa oxide, titanium oxide, piaiiriara oxide, p&tia- 

polarizatios voltage measured according to the above _ f drum oxide arid activated so raw of carbon, said 

tsst will be infltsetsce-d subsUatialiy by the size, shape, ;5 iayef of materia! hsvirig a surface- morphology 

material, and surface nature of the elcctrrnle distal tip which msusw in & porosity of greater thai.; aboi;; 

for a gives pacing lead. Thus, for an electrode distal tip fifty percent, 

having & particular profile, snd made of a pazttcutar 2. The pacing lead of ciaim 1, wherchi said generally 

material Slaving a particular surface tis.tss«. the oolarisa- „ spherical conductive particles have diameters ranging 

to- \- t I'f.v i'*>e i^jerent !-ri<<,r- ts-'a<c a 5 10 Itok. about £&< ;ros,, «-i orioles war ^ed m 

jijhi 1 tip. Conversely. t-*cj pacing leads bsvifig 5 sjirt; 1 at ieasi one Layer on said electrode surfaces io provide 

eist-trode lips wjj have characterizing poiarw-ation bteritinai poroaty for tissue ingrowth 

voltages wbicfe will depend ort tseir psrticuisr profile, 3. The pacing lead of ciakti 2, v. hereir, said e;ec:tr-^dc- 

t«jjv:rui.tv>"i. jaatcta mo su- fs -e -w'are Oerj«j>31 ; she v vrsJv„Jco 'v-,-> t«es?ec a'caj ^o-%urei to intersect one 

pasktg lead electrode which ;>as a lower polarization anoihcr defimrsg a crost shape. 

voltage for any givers electrode desigis. or more stmply 4. The psctttj?. iead oi' claim 2, wherein said electrode 

the cire«mfere's;«a! area, fcfoss-sccttcaal jsre* tor a r-.nn- irsdudeh at least two sets of muitiple. psraliei shgned, 

TO»n<J tip; vvili be the rr-ore de&habfe pacing kid receded artx,. configured to have said rtiuitipie aligned 

Acr.crdingsy. to fsirthes charaeterije pacing lead , n recessed areas of said set-i interiecung ar<t another 

e^fi\, sJdrr r v T t Ja'K s i "a-* oi t^e 5 in.? vin,Uvi->l i^fl vV;i"^v pt<°-e U 

- «v.p }\- l -« <r " i r i P^s*» ^ » . jv'< e pa 1 " 1 cs - ,t^» o a 

age Pv divided by the cu-cttssferestial area CA tor tatua, {rfatsaBSj-indiutn, and cartyjo, said par«c{«fr coo- 

cftt«-secsio«ai ares; of the tiectrode at its widest diam- , 5 figured in at least one laver on said electrode surfaces, to 

"le* v^i j'wi it. .a ^etic !X-st„d»a.t ^vide j-ff*' ai -> c r s : 

eier "d." the citcbaiferetro.ii area CA is eot:.^ t;i rr 6 The pacing iesd of clatra 5, whereir. rri.jjon--, of 

(6:'2)-. and the poiasijaticsfi index « pven by die foliow- said interstitial potos-.ty areas bet w est; said pamdes 

in* &irrsiuls. ' hlive 3 d'^'sAhy p&swge diameters gr«:jer :bar- ?ix 

4^; (tiicrons to allow -passage of blood ceils 

y\~.'vi...vu:*i4fz> 1 or pi^-n/CA 7, T"htr pactfi.?. iead of oiaim S : where!." said electrode 
mciude!i at least tv-o parallel a-igr-ed recessed areas 

The pac-wg kads of xhe presefitinvcnaon ss disclosed deSair.g ar least three generaiiy aliened piateaB areas, 

jit detail abnve >>avr a poi&rwjatifjrj mdes. PS v-riiob is less wheieic she comers of said plates u areas each de- 

tf-" KV- Ll A -!"r ; M^rc pan.ral. 'r« the t r*!e i&l A * fi i<s m^e os <i 't >~i , 3e? fees 

tfnbodtmerdi, ths pacing leads of the present its vent ion 8. The padng icstd of ciaim 5. wherein said at least 

have a r^liin.v.ticn index Pi whsdi \i lesa ttes SO one recessed groove section has a profile defined by a 

sjV/'xans 2 . A pacing iead having an eiectrode tip *hui; depth cf bc-weer. Q.'s and 1.0 rniilinieters, 3 width of 

combines s siiriice rfiorphokigy 3l!o\vhig tiisne in- bctweers »botit 0.2 and 1 .5 rriiili meters, ar-a each edge of 

groM'tb. aad very lew poltiriwitiot: index levels is highly y, ssid groove is radiuscd with a rjsdsui of curvature of 

desirable hi the field of impSatjiabse cardiac pacing between aboat 0.00! and 0.5 asilihasters. 

Jeacft. 9. An implant&ble pacing iesd for use with a cardiac 

It should. b>: evidess: rrcm the lotegaing dascrsption pacettuker coiaprtsing. 

rhat the present isve-atton provideft many advantages. an elect rical conductor hsving a proxisnal end and a 

ever r^ing icaj^ of me pno: sr. .Mthc-wgb- p-ef;=red .hs^ eno, 

embodiiissiits ssi spccsficaliv il!ust»ted and described sr< insuJauve sheiith covering said conductor, 

herein, it will be appreciated that many Bjodificsiioits sn eiectncai eormec-or sffixed to said prasirwti end of 

and variations of the present invention are possible in said conductor; and 

light of the above teaching to those skilled hi the art. It an electrode assembiy aflued to iaid distai e«d of said 

b" preferred, therefore, that ibe present invention, he hO c.C;iidtidot . said elecmxifi assembly ino! tiding s 

united "o' bj the specific disciosute berettj, but or,iy by piirous electrode distal tip havk;g j pojirixaticifj 

jhc appended dairss, iac«*. Pi which is less thait 100 rrj\".-';sitr) 2 . 

What is claiiaed is: 10, The srapJantabSe pacing lead of dmsx 1 . 9- where! t: 

i. Art implantable padng lead for use with a cardiac said electrode distal tip farther comprises: 
pscetsKker '■.lomcnpisig: 65 at teas.! one recessed area for capturing bioc-J ceiis 

an electrical conducto: having a proxiiaa! end and a during taserticm of said electrode assembly isto a 

disia- enti; " ' hiirna.ii recipient, anci for promoting cic-t foviastion 

in sedative sheath coveilns sasd conductor; and endw^rdisi ussue capfsire tfiereof to aid fka- 



12 



•i of said dectrode distal tsp so end.ocatdjal tls- 

for providing ifstets'otisj porosity and for in- 
asing sasfscs srsss of ssid eScc'rode distal lip. 



costing saesris for enhancing the electrical character- 
istics, of &aid electrode distal tip. for increasing the 
electrical ogpauti&sce. aad for rediiciiig elsetro- 
ehctnica! polarisation si the eject.^e-cridoca-rdiai 
tissue interface daring pacing user. 

S3 Hie implantable padrsg 'iesd csdaiBS 18, wherein 

at least en* jbc«S«3 area traverses, said electrode 
distal dp. said at scast one- recessed ares, having a 
generally U-shaped prc-iile delated by generally 
vcrticai wails and a base, ssid base havj&g a aasay 
verse proftk shape selected from the grotip consist- 
ing of sei3B>h«sis.piierical. flai and concave. 
12. The impl^tafcie pacing lead of e'taws 11. wherein 
said ffifsns for prsvsding interstitial porosity and in- 
creasing surface are3 comprises: 
a pittraiity of gsneraSly saiootb sisrfaeed spheroidal 
particles afiixed to the surfaces of said eieclrode 
diatsJ up isciaiiifif: ssjc wshs and base of said a; 
least arte massed sre^ 
33. The iitjpianiabie pacing iese! s:f ciaisv: 12, wherein 
said coating rseans comprises- 
a surface soanag appfced to the surfaces of said distal 
tip elec'trods and said spheroidal particles thereon, 
said surface eoatscg comprising a jracrossopicaiiy 
-hi>" layer of 3 .wskctaShc- raateriai selected from 
she group ccashtiag of titanium Stride, tiuahin 
oxide, carbon, iridium oxide, and platinum osde, 
said surface coating applied by a process selected 
from the group consisting of xmtericg. vapor depo- 
sition, eiectrcpla-ing and spisttet-stig. 

14. The. implantable tod of dsira 13, *he«ia said 

one teeessed'ares. said pi'ateau arcss. hsvisg a gen- 
erally seasi-hssinsphencaJ profile 

15. The inxpisr-faHje pacing lead of claim 13, wherein 
ssid electrode distal tip hiclndes two recessed areas 



have said multiple aligned recused areas of said sets 

intersecting one another. 

IS. The atspiansabk pacing Jead of claim wherein 

said at tost one recessed area has is depth of between 0. ; 
5 and 1.0 millimeters and a width of between about 0.2 

and i.S miiltfrseters. 
IS. The uapJantsbie pacing lead of claim IS. wherdn 

said plurality of generaily smooth surfaced spheroids} 

particles have diameters dis-ribtited in toe raage of be- 
sts tweer; about ! 0-200 microns, said partides forssed off: 

raateriai se!e.ited from the group consistiag cfpiaunaas. 

piatiusiJK-iriGsufL!, titaciam, palladiurrj and carbon. 
2S The knpianfsble pacing seati of claim 13, wherein 

ssid electrr«ie assembly has sr. electrode distal iip hav- 
15 rag a pC'iarizaiic-n indax PI which is jess than 50 

IttV/OHK 3 . 

21. A method of forming sn i-mpkniahk pacsag lead 
for user with a csrdiac pscewaker coospnsrag- 
providing aa ejectrstal cwodactor having a proximal 



iiisisiativc shesth; 
>r tt; said prosisia! ead 



end 3nd s distal end; 
«sv«iog said eoaductor 
ooaphtig an eiectric&i co 

of said ■c.ojidssetcBV 
forming an eSecsrode having zi; elscwods tip gff>3m«- 
try rtiacrosirtiet^re defkiirsg at ieasi I wo piaSea.n 
sections sepa.raied by at least one recessed groove 

affixing to said plateau sectioKS and said recessed 
grcscve section a plurality of generally spherssai 
cocdiiotive particiei; 

ooaUTig said particles with s iayer of twstsnetaljk 
oatsriiii se!ecS«d frojn the group cocststiag of tsts - 
aiufK nitride. paSiadtstaj. platim;C3 oxide, iridf-ao 
oside and activated o 



: to said disiai end 0 



d con- 



ductor. 



hV.;r 



The irapjanii-hle racing :c:::d of cIo.isk 13, whersiR 
said eisctrod* distal tip tficiades a; ieass. two piiralieS 
aligned recessed areas dsiisiisg at ieast three generaSiy j< 
aliened pSaleati a.r£s;;. 

37. T>ie in-plar-table pacatg Isad of claim 33, wfceteia 
said eiec!r;-de di. l tii tip incUirie', j; least two sets of 
TBultio'e, rjaraiiei aJlgnsd recessed are.ts, corrilgored to 



22. The method of fonsttig ati iaaplaistable pacmg 
lead of oiasm Zt, wherein said coating, of said paruci« & 
performed by a process selected from the groapajasist- 
t a;g of vapor depfjfiiucsn sintering, eiectroplatiag aad 
siectrode sputtering to a thickness of betwaea 20-30 

* 23. The itisthod of forniing the aiipWttahie pacing 
lead of ciaitn 21, wherein said generally spher.^-ai con- 
j s-uctive parftciea are atTtx^d to :iaid slectroce distal tip 
by a process selected frora the group cossistisg of pow- 
der sinier.ag. l.»cr fusion, welding, injeriios tao'dtng. 
and casriiii;. 

24. 1'he method of cijaitr: 23. whefciH said gensraiiy 
i> sphe oid.V :-,nnduc-tsve psrtcies are affixed by one of 
said proasses in « seriosi of successive steps in which * 
portion of the parsiclss ar<; affixed by said process in 
:h of said successive step*. 
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